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Abstract

The particle and wave duality is solved through the self-energy and
the mutual energy principles. Welch has introduced the time-domain reci-
procity theorem in 1960. The author have introduced the mutual energy
theorem in 1987. It has been proved that the above two theorems are same
theorem in time-domain or in Fourier domain. The author believe there is
an energy flow from transmitting antenna to the receiving antenna. Hence
this theorem is a energy theorem instead of a mathematical theorem i.e.
the reciprocity theorem. The author found that the mutual energy is the
additional energy when the two waves are superposed comparing to the
situation when the two waves alone stayed in the space. It is often asked
that if the two waves are identical what is the energy after the two waves
are superposed, 4 or 2 times? The author’s answer are 2 or 4 depending
whether the sources of the waves are involved or not. However the au-
thor noticed that a more important situation, which is the superposition
of two waves: one is retarded wave sent from the emitter, another is the
advanced wave sent from the absorber. This situation actually described
the photon. The author have found that, instead there are two photons
the retarded photon and the advanced photon like some author believed,
there is only one photon. The reason is that the two waves the retarded
wave and the advanced wave they both bring one photon energy are sent
to the space, but these energy are returned with the time-reversed waves.
The additional energy because of the superpose process of the two waves
is just with 1 photon’s energy instead of 2 photon’s energy. This energy
is sent from the emitter to the absorber. These build the author’s photon
model. This photon model is proved by the author through the notice of
the conflict between the energy conservation and both the superposition
principle and the Maxwell equations for single charge. This conflict force
the author introduced the mutual energy principle and the self-energy
principle. Self-energy principle tell us the self-energy (the wave’s energy
before superposed) time-reversal return to its source and hence do not
transfer any energy from emitter to the absorber. The mutual energy
principle tell us that transferring the energy from the emitter to the ab-
sorber is only done by the mutual energy flow. The author also proved



that the mutual energy flow theorem, which says that the energy trans-
ferred by mutual energy flow is equal in any surface between the emitter
to the absorber. The wave function collapse process is explained by the
two processes together the first is the self-energy time-reversal return to
their sources (instead of the targets), the second is that the mutual en-
ergy flow brings a photon’s energy package from emitter to the absorber.
The wave’s probability property is also explained that because only when
a retarded wave synchronized with an advanced wave the energy can be
transferred. The photon energy is transferred only when the retarded wave
(one of solution of Maxwell equations) and the advanced wave (another
solution of the Maxwell equations) are synchronized, otherwise the two
waves are returned by two time-reversal waves. Time-reversal wave are
not satisfy Maxwell equations but satisfy the time-reversal Maxwell equa-
tions. Hence, 4 time-reversal Maxwell equations which describe the two
additional time-reversal waves are added to Maxwell equations. Hence,
the photon’s package wave is consist of 4 waves which are corresponding to
4 self-energy flows. There are two additional energy flows, which are the
mutual energy flows that is responsible for transferring the energy from
emitter to the absorber. The time-reversal mutual energy flow which is
responsible to bring the energy back from the emitter to the absorber if
the absorber only obtained a half photon.
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1 Introduction

1.1 The wave and particle duality

It is know that the photoelectric effect tell us the light likes a energy packet.
The energy of the light is discrete. The Compton effect tell us that the light
same as particle when it is received or absorbed, the receive location is very
small, the absorber received a momentum, just equal to the momentum when
it is sent out from the emitter. This means when the light emitter and received
behave completely like a particle. Hence we can say that the light is consists of
the particle, i.e. photon. The photon also obey the third law of Newton that
means when the photon is emitted, the emitter gives the photon an action, the
photon gives an equal amount of the reaction with opposite direction to the
emitter. When photon is received the photon will offer the absorber an action,
the absorber will give the photon a reaction which has the same amount and
with an opposite direction. Moreover the received action from photon is equal
to the action from emitter give to the photon. The reaction received by the
emitter from photon is equal to the reaction received by the photon at the place
of the absorber. Hence action and reaction can be transferred correctly.
However we also know that when light go through the double slits, it can
produce the interference pattern. We can reduce the intensity of light, hence,



the photon is go through the double slits one by one, the interference patterns
still exists if the accumulating time is longer. Hence, light is also a wave. This
is referred as the wave and particle duality.

This author is looking for a unified theory to explain the wave and particle
duality. It is clear that it is not possible to explain the wave properties using
particle theory. But perhaps it is possible to find a special wave that have
the properties of particle. The author is looking for a wave it is at very small
location when it is emitted or received. This wave should be possible to carry
amount of energy and momentum from the emitter to the absorber. In the
middle between the emitter and the absorber, the wave should be thick so it
can go through the double slits simultaneously.

Up to now, the traditional wave, for example, the retarded wave of Maxwell
equation do not satisfy the above requirement. We all know that the retarded
wave solved from Maxwell equation spreads to all directions, hence when it is
emitted, the total momentum is 0. However when it is received by an absorber,
it is clear the wave is sent from the emitter to the absorber direction, hence the
moment is not 0. This wave doesn’t satisfy the momentum conservation. The
energy send by the emitter does not all travel to the absorber. Most energy sent
from emitter go to all direction of infinity instead of go to the absorber. The
wave in the time it is received is also not focus to a very small region. Hence
this kind wave cannot be used to describe a particle and hence is not what the
author looking for.

1.2 Two different electromagnetic field theory

There are two different electromagnetic field theory. The first is the field theory
which is first introduced by Faraday and later it is introduced by Maxwell in
1865. The second is the action at a distance which are introduced by Weber
1848 [32] and later by Schwarzschild, Tetrode and Fokker [28, 10, 30]. It is clear
that field theory from Faraday and Maxwell are mathematically convenient and
hence produced a lot of good results for example, from which the wave equation
is derived. The calculation from the theory of action-at-a-distance is not so
convenient compare to the field theory, however it has the advantage to offer
the correct mechanic properties. The action and reaction is equal and in the
opposite direction (third law of Newton). It is said that the Maxwell equations
can be derived from the Weber’s electromagnetic theory [32]. Wheeler and
Feynman also proved it is possible to obtains Maxwell equations from the action-
at-a-distance theory of [28, 10, 30]. However it is strange that up to now no
theory from the field of Faraday and Maxwell can obtained energy conservation,
moment conservation, or Newton’s third law for the photon.

In case there are two charges that are interaction, for example, if there are
two charges one is emitter another is absorber. It is clear that the wave send
out from the emitter spread to all directions, hence the total momentum is 0.
But in the place of absorber, the wave is from the emitter to the absorber and
hence, the momentum is nonzero. The momentum has the direction from the
emitter to the absorber. Hence, the momentum sends from the emitter does not



equal to the momentum received from the absorber. Hence, the momentum is
not conserved.

According to the field theory of Faraday and Maxwell, the energy received
from the absorber is only part of the energy sends out from the emitter. Most
of wave energy sends from the emitter goes out of our universe. The energy is
not conserved. In order to make energy conserved, the concept of wave function
collapse is introduced. The energy sends to the whole universe is collapsed to the
absorber. The wave function collapse can make the energy conserved. However
the wave function collapse as a physics process, there is no any mathematical
description or formula can be given. Hence, this author does not accept the
concept of the collapse of the wave function.

The field theory of Faraday and Maxwell can also difficult to explain the
action and reaction. In the view of photon, we know that in the place of the
emitter, the emitter gives the photon a action, the photon gives the emitter a
reaction. In the place of absorber, the photon offers the absorber an action, the
absorber offers the photon a reaction. Here, the action and the reaction is equal
and in the opposite direction. And also the action of the emitter offering to the
photon is sent by the photon to the absorber, hence, the absorber received the
action. The reaction of the absorber to the photon also offers to the emitter.
Hence, the Newton’s third law is obeyed. Action is delivered from the emitter
through the photon to the absorber. The reaction is delivered also from the ab-
sorber to the emitter through the photon. It is extremely difficult to explain the
reaction of the absorber giving to the emitter by the retarded wave of Maxwell
theory.

From the retarded wave theory of Faraday and Maxwell, field propagation is
used between the emitter and absorber. In the beginning, the emitter sends the
field, since the field is sent to all direction, the force of the total action is zero,
the force of the total reaction of the field to the emitter is also zero. This is
OK, Newton’s third law is satisfied. When field is received by the absorber the
action come from the direction of the emitter to the absorber. The force of the
action to the absorber is not zero, the reaction is in the opposite direction. This
is also OK, Newton’s third law is satisfied. But the action from the emitter to
the field is not equal to the action from the field to the absorber. The reaction
of the absorber to the field is also not equal to the reaction of the field to the
emitter. Hence, the action and the reaction is not delivered correctly like the
photon does. Hence from current retarded field theory of Faraday and Maxwell,
we cannot obtained the same effect same as the photon can offer.

1.3 Power of a system with N charges

There are two conflictive theories for electromagnetic fields. One is the theory
of Maxwell equations, another one is the theory of the action-at-a-distance.
Maxwell’s theory claim that the field can be send from its source. The field can
be solved with Maxwell equations when the source is known. A single charge can
create the electromagnetic field and this field can exist independent to its source.
If we measured the field with a test charge, after the measurement when the test



charge is removed, the field we have measured still exists and does not vanish. In
other hand Schwarzschild, Tetrode and Fokker introduced the theory of action-
at-a-distance, it is also referred as direct interaction[28, 10, 30]. In the theory
of action-at-a-distance, single charge cannot send the wave out. Tetrode said,
“If the sun stayed in empty space, it can not send light out”. The sun can send
light is because the absorber absorbs the light energy. The absorber can send
advanced wave to receive the energy. Dirac has applied advanced wave to explain
the damping force or self-force for the radiation of a moving charge[9]. Wheeler
and Feynman, designed the absorber theory according to the the principle of
the action-at-a-distance. In the absorber theory the electromagnetic field has
no its own freedom and the electron charge does not only sends the retarded
waves to the future but also sends advanced wave to the past [1]. Wheeler and
Feynman also introduced the concept of the adjunct field[2]. In the action-at-
a-distance principle, the electromagnetic field is an adjunct field which has no
its own freedom. This field is an action, which take place at least between two
charges: the emitter and the absorber. With only one charge, it cannot define
an action, hence, a field. Hence, we can measure an electromagnetic field with
a test charge, but after the measurement, when the test charge is removed,
according to the principle of the action-at-a-distance, the field is not defined.
Since the action can only be created by at least two charges. Now if there
is only one charge, the source charge, it cannot produce a action! Field can
independent exist in the space or it is only bookmark for a action which can
only exist at least between two charges, this debate has continued for 100 years
until now. In this article the author will answer the question of this debate.

What about the measured electromagnetic field, after the test charge is
removed? According to Maxwell’s theory the measured field is still there, but
according to action-at-a-distance the field is not defined or doesn’t exist. Which
theory is correct? Even there are many scientists supports the action-at-a-
distance and the absorber theory, they still cannot deny the Maxwell’s theory,
because to answer this question cannot be done by a experiment, for example
test the field by a single charge. None knows the electromagnetic field exist or
not in the time we have removed the test charge. This question appears as a
philosophy problem instead of a problem of physics.

This is major problem of the classical electromagnetic field theory. Many
problem related this problem, for example, (1) wave and particle duality, (2)
quantum entanglement, (3) is the superimposition principle correct or not? (4)
the electromagnetic field is a real wave or a probability wave? advanced wave
exist or not and wave function collapse.

This author endorse the concept of the action-at-a-distance and introduced
the mutual energy principle[17]. For sure we know that the Maxwell’s theory has
great value. Hence this author has combined the principle of action-at-a-distance
and the Maxwell’s theory together in the mutual energy principle. According to
the mutual energy principle, the electromagnetic fields still can be produced by
one charge. However the fields must satisfies the mutual energy principle instead
of Maxwell equations. A electromagnetic field of a single charge cannot satisfy
the mutual energy principle. In order to satisfy the mutual energy principle,



there are at least two charges, one is the emitter, another is the absorber. The
emitter can sends the retarded wave. The absorber can send advanced wave,
When these two wave take place in the same time or they are synchronized
together, the mutual energy principle is satisfied and there are mutual energy
flow which is produced between the emitter and the absorber. The mutual
energy principle can be solved to find the retarded wave for the emitter and the
advanced wave of the absorber. The two waves both the retarded wave and the
advanced waves satisfy two groups of the Maxwell’s equations. There must be at
least be two group Maxwell’s equations, one is for the emitter and another is for
the absorber. The time-integral of the mutual energy flow is just the transferring
energy between the emitter and the absorber. The photon is nothing else, it
is just the mutual energy flow between the emitter and the absorber. In the
mutual energy principle, the field still can be created by emitter or by absorber
alone, this is like the Maxwell theory. But two fields are required to satisfy the
mutual energy principle.

1.4 The mutual energy theorem

Another important origin of the mutual energy principle is from the mutual
energy theorems. The work about the mutual energy theorems can be listed as
following. W.J. Welch has introduced time-domain reciprocity theorem[31] in
1960. In 1963 Rumsey shortly mentioned a method to transform the reciprocity
theorem to a new formula27]. In early of 1987 this author has introduced the
mutual energy theorem [15, 34, 33]. In the end of 1987 Adrianus T. de Hoop
introduced the time domain correlated reciprocity theorem[8]. All these theories
are same theory in different domain: Fourier domain or in time domain.

1.5 The development of the concept of mutual energy

This author believe the mutual energy theorem is strongly related to the en-
ergy in physics instead of a mathematical theorem, for example the reciprocity
theorem, which only describes a relation or a transform. Hence the author first
call this theorem as mutual energy theorem instead of some kind of reciprocity
theorem [15, 34, 33] in 1987. In that time the author spoke about the “mutual
energy” is base on the fact in the formula there is the term E;(w) - H5(w) that
is exactly what we have meet in electric engineering like V(w)I(w)*, here V(w)
is voltage and I(w) is the current, wis frequency. In the theory about the trans-
formator, there are also have the term like V;(w)I2(w)* which is corresponding
to the power of the mutual inductance item. In order to illustrate the mutual
energy theorem is really a energy theorem, the author also thought to prove the
mutual energy theorem from Poynting theorem. It is known that the Poynting
theorem is an energy theorem, if the mutual energy theorem can be proved from
Poynting theorem, it can be sure also an energy theorem. If it is energy theo-
rem, it should has more meaningful compare to the Lorentz reciprocity theorem.
And because from the practice, the directivity diagram of a receiving antenna
can be obtained from only the mutual energy theorem or reciprocity theorem



instead of the the Poynting theorem, hence the mutual energy theorem should
be also more important at the energy transfer between two antenna, i.e., the
transmitting antenna and the receiving antenna.

However the author failed to do so. Instead, the author derive the mutual
energy theorem from modified reciprocity theorem[11]. This make the mutual
energy theorem look like a sub-theorem of the Lorentz reciprocity theorem. This
become a flaw in an otherwise perfect thing.

2014 the author comeback to the topic of the mutual energy theorem. First
the author found a literature which is very close to the mutual energy theorem,
the time domain correlated reciprocity theorem[8] writing by Adrianus T. de
Hoop in the end of 1987. The author proved that after a Fourier transform,
the time domain correlated reciprocity theorem become the mutual energy the-
orem. The mutual energy theorem was writing at early of 1987, hence it is
also meaningful[15, 34, 33]. Later the author also found the article about time-
domain reciprocity theorem[31], which is introduced by W.J. Welch in 1960. It
is proved that the time-domain reciprocity theorem[31] is a special case of the
time-domain correlated reciprocity theorem[8]. The author also found a article
about the new reciprocity theorem [27] which is introduced by Rumsey In 1963
which is similar to the mutual energy theorem. Later this theorem has also been
rediscovered many times, for example [13].

It become clear that all other people call the mutual energy theorem as some
kind reciprocity theorem. Only the author call it a energy theorem, hence I have
to prove it is really a energy theorem. In 2014 this author wrote the online pub-
lication discussed the relationship between the reciprocity theorem, the mutual
energy theorem and the Poynting theorem[19], in which the author proved the
mutual energy theorem from the Poynting theorem. Another important thing is
that the author also noticed that, if f1(¢) = fi(z—vt) and fa(t) = fa(x —wvt) are
waves for example the forward wave, where v is the speed, z is the location, ¢ is
the time. Then, a correlation formula | tO:O_OO fi(t + 1) f2(t)dt is a time integral
of multiplication of this two forward waves with a time difference 7. Hence,
inside the integral the two waves are all move forward. However the convolu-
tion [~ _ fi(r — t)f2(t)dt is time integral with a multiplication of a forward
wave with the time-shift back-ward wave. In the Fourier domain or ( frequency
domain), the correlation F{ [~ ___ fi(t+7)f2(t)dt} = fi(w)f3(w), which is cor-
responding a output power, where F{-} is Fourier transform. It is reasonable
that a output power which is corresponding to a multiplication with conjugation
of two forward waves. In contrast, the Fourier transform of the convolution of
two waves F{ [~ ___ fi(r —t)f2(t)dt} = fi(w)f2(w) are multiplication without
conjugation. Hence it is clear, that in the mutual energy theorem, the multi-
plication is with conjugation, which is corresponding to two wave move in the
forward direction. But in the Lorentz reciprocity theorem the multiplication of
two waves are without conjugation, which is corresponding the two wave one
is forward and another is backward. For example, in the circuit, if voltage V'
and current [ have the multiplication with conjugate V' (w)I(w)* which is corre-
sponding to two forward waves and hence corresponding to a power or energy
output. In contract, V(w)I(w) is corresponding a forward wave and backward



wave which is nothing to do with the power and energy. Now it is clear the
following mutual energy theorem is a energy theorem,

_}éf(E1 « HS + E; le).ﬁdr:///(E;-J1+E1.J;)dv (1)
T v
But the Lorentz reciprocity theorem[3, 4, 11],
ﬂ(ElXHQ—EQXHl)-ﬁdFZ///(EQ'Jl—El'Jg)dV (2)
r v

is not a energy theorem.

After it is clear to the author the mutual energy theorem is indeed an energy
theorem, the author now begin to understand that why we can calculate the
directivity diagram of the receiving antenna by using the reciprocity theorem
instead of Poynting theorem. It is because the mutual energy theorem actually
described the energy transferring from the transmitting antenna to the receiving
antenna. Since the reciprocity theorem can be obtained by a conjugate trans-
form from mutual energy theorem, it can offer the same directivity diagram
of the receiving antenna. The calculation of directivity diagram is also can be
done by directly apply the mutual energy theorem. Applying the mutual energy
theorem can not only obtain the directivity diagram of the receiving antenna
but also can calculate the current on the receiving antenna. On the contrast,
the reciprocity theorem cannot be applied to calculate the current distribution
on the receiving antenna Jo. The triumph of the mutual energy theorem also
decrease the value of Poynting theorem as a energy theorem. At lease the energy
transfer between the transmitting antenna to the receiving antenna, is correctly
described by the mutual energy theorem instead of the Poynting theorem.

The author also notice that in the proof of the surface integral are 0, W.J.
Welch introduced the concept of advanced wave. He point out the retarded wave
&1 ={E,,H,} and the advanced wave & = {E, H;} cannot reach in infinite
big sphere I" in the same time and hence the surface integral in the following
time domain reciprocity theorem will vanish.

— / #(E1XH2+E2XH1)ﬁdrdt

— /Oo///(E2-J1+E1-J2)dth (3)
t=—oc0 V

This proof is much nature compare when author to prove the surface integral
vanish compare in Fourier domain to prove the surface integral in Eq.(1) van-
ishes. The proof in the Fourier domain looks like it just very lucky the surface
integral vanished. The author has the felling if for example the frequency of the



signal just change a little bit the theorem will be violated. However advanced
wave is difficult to be understood. In order to apply this theorem to the an-
tenna, the first question to the author is that does the receiving antenna really
sends the advanced waves? The author originally has the concept that a wave
can converge to a point, this wave can be called receiving wave, or convergent
wave. The different from the convergent wave to the advance wave is that for
a convergent wave the current J, can only influence by the wave, but for an
advanced wave the current Jo is the source, it will influence the wave when
the wave is sent out. Since this wave is sent to the past, a current event can
influence a past event. This violate the causality.

Even their has some confusion to the author, the author believe the energy
transfer for two antenna the transmitting antenna and the receiving antenna is
done through the mutual energy theorem. The author also thought about the
photon, which actually is a mall system of two antenna, the emitter is a small
transmitting antenna, the absorber is a small receiving antenna. The energy
is transferred from emitter to the absorber through these two small antennas.
The transferred energy is the photon.

In the middle of 2015, this author begun to search the publications about
advanced potential, advance field or advanced wave. Among this kind of work,
this author noticed the book of Lawrence Stephenson[29] and read it with great
interesting especially the topic about the advanced potential and his talk about
the reciprocity theorem. To this author his talk about the reciprocity theorem,
the author knows actually should be for the mutual energy theorem. Afterwords
this author noticed the absorber theory of Wheeler and Feynman[1, 2, 12] After
read all these publications, the author begin to understand the advanced wave
and believe it is a real thing in physics. This author begun to work at building
a photon model with classical electromagnetic filed theory[24, 25]. In the same
time the author noticed the work of John Cramer’s transactional interpretation
for quantum physics [6, 7]. He has many interesting idea ahead and similar to
the author.

After it is clear to the author that the antenna energy is transferred by the
mutual energy, the author asked whether or not there is a energy flow to go from
the emitter to the absorber? It is proved there is a mutual energy flow[24, 25].
The time integral of the mutual energy flow is equal at any surface between
two antenna, the transmitting antenna and the receiving antenna. The author
call this the mutual energy flow theorem, this is a theorem further stronger
than the mutual energy theorem, it further prove the energy transfer from the
transmitting antenna to the receiving antenna is through the mutual energy
flow theorem.

All above this author’s work is about the mutual energy, and mutual energy
flow. However in the electromagnetic field in order to produce the mutual energy
and mutual energy flow, the self-energy and the self-energy flow will be created
as a side effect. The self-energy flow is the field of the single charge. This energy
flow has been spread to the entire space. This will cause that the energy of the
charge will be lost and go out off our universe. This is unbelievable. A guess
to solve this problem is that this self-energy wave collapse to its target. The



retarded wave from the emitter will collapse to the absorber. The advanced
wave of the absorber will collapse to the emitter. This author do not support
the concept about the wave function collapse. Since if there are partition board
between the emitter and the absorber. If there is a hole in each partition board.
The light can go through these holes from the emitter to the absorber. According
to the wave function collapse, the wave must collapse at each holes. The wave
collapse once at the absorber is strangle enough, if the wave collapse IV times in
all holes, that is unbelievable. Hence this author trend that the self-energy flow
collapse to its source that means the wave is time-reversal returned. About the
thought that the self-energy flow is time-reversal returned also written on the
photon model of the author [24, 25].

In April of 2016 when the author begun to check the Poynting theorem
energy output of N charges, the author noticed that the formula obtained from
N charges has a over estimation about the energy. The author immediately
realized that there is bug of Poynting theorem and also the bug of current the
theorem of the retarded wave of Maxwell. The author have upload one online
publication|[17]. By solving this bug, it is clear to the author that the self-energy
flows described by the Poynting theorem are time-reversal returned, instead of
collapse to its target. This time-reversal process can be described with time-
reversal Maxwell’s equations. By the wave time-reversal Maxwell equations are
not Maxwell equations. They are other equations look like Maxwell equations.

In the same time the author also made some other online publication which
are one article to check whether the reciprocity theorem is correct or the mutual
energy theorem is correct in lossy media[20]. The conclusion is that the mutual
energy theorem can be extended to the lossy media, but the reciprocity theorem
cannot. The author also wrote an article about photon and particle duality [22].

The theory about mutual energy, mutual energy theorem, mutual energy
principle and mutual energy flow, self-energy principle are also widen to quan-
tum physics theory [18]. A new interpretation for quantum physics using the
mutual energy flow is shown [16][23].

The author also introduced a experiment method to test the advanced wave
[21].

1.6 Self-energy, mutual energy and time-reversal process

If there are two fields, when they are superposed, there are
E=E, +E, (4)

H=H,+ H, (5)

As a example we assume that & = [E;, H] are retarded field and & = [E5, Hs]
is advanced field. The Poynting vector are,

EXHZ(E1+E2)X<H1—|—H2)

:E1XH1+E2XH2—|—(E1XH2+E2XH1) (6)
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In the right side of the formula, the first item E; x H; corresponding the self-
energy and self-energy flow of the retarded wave. The second item Es x Ho is
corresponding to the self-energy and self-energy flow of the advanced wave. The
third item (E; x Hy + E9 x Hy) is corresponding to the mutual energy and
mutual energy flow. Hence the mutual energy is corresponding the additional
part of energy because the two field is superposed. The mutual energy and
mutual energy flow can also be produced if the two fields are all retarded or all
advanced.

This author believe that advanced wave and retarded wave can be superposed
and interfere with each other. Many other authors even do not believe the
advanced wave, hence they will not think about whether or not a advanced
wave can superposed with a retarded wave. The two retarded waves or two
advanced waves can also produce the mutual energy and also mutual energy
flow, but the most important mutual energy flow are the mutual energy flow
produced by a retarded wave and an advanced wave. This kind mutual energy
flow is responsible for the energy transfer. In this article the author will prove
that the self-energy and self-energy flow do not produce or contribute to the
energy transfer between the emitter and the absorber.

The self-energy flows will time-reversal return to their sources, either emitter
or absorber. time-reversal return is a process in which the sent wave returns
back from the whole space to its source satisfying the time-reversal Maxwell
equations. The time-reversal Maxwell equations are not a Maxwell equations.
In this article the wave function collapse process is that the wave sent form its
source to the whole space suddenly go to its target. Hence the retarded wave
sent from emitter will collapse to its absorber. The advanced wave sent from
the absorber will collapse to its emitter. For the time-reversal process the wave
sent from the emitter will time-reversal return to the emitter. The wave sent
from the absorber will time-reversal return to the absorber. Hence time-reversal
process is a total different process compare to the collapse process. This article
will talk more details about the time-reversal process. The author believe the
self-energy time-reversal process together with the mutual energy flow transfer
the energy from the emitter to the absorber will be equivalent to a collapse
process. However the collapse process cannot be described by any equations,
a time-reversal process can be described by time-reversal Maxwell equations.
Hence a time-reversal process is much more “real” than a collapse process. It
should point out the time-reversal Maxwell equations are not Maxwell equations,
they only looks like the Maxwell equations. The author believe corresponding to
the retarded wave and the advanced wave their are two time-reversal processes
which can be described by the time-reversal Maxwell equations. The author
believes there exist no the collapse process for photon, there only exist the
time-reversal processes and a energy transfer process described by the mutual
energy flow.
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1.7 What will be done in this article

In this article the author will review the whole concept about the mutual en-
ergy, mutual energy theorem, and mutual energy flow theorem, mutual energy
principle and the self-energy principle. The author will try to to persuade the
reader to accept these new theories. Considered the author has overturned many
our traditional principles, for example the superposition principle is wrong, the
Poynting theorem does not send energy out, the Lorentz reciprocity theorem
is not a physical theorem because it change the advanced wave (which is real)
to a retarded wave (which is false), wave function collapse need to be replace
by two time-reverse-return process and a mutual energy flow process, Maxwell
equations are remedied by adding 4 new equations, these all together are too
difficult to be accept by any readers, the author will explain the concepts with
extremely more details.

In this article the author also introduced some new concept which are fol-
lowing,

(1) The author first introduced the ideal of strong mutual energy theorem.
This will distinguish the original mutual energy theorem[15, 34, 33] with the
new mutual energy theorem derived from the mutual energy principle. The
original mutual energy theorem tell us there is a part of energy sent out by the
transmitting antenna which is received by the receiving antenna. This theorem
looks trivial. It is clear there are some energy will be sent from the transmitting
antenna to the receiving antenna. The new mutual energy theorem tell us all the
energy sent from emitter is received by the absorber. There is no any energy has
been lost in the empty space. Hence, the new mutual energy is much stronger
and meaningful compare to the original mutual energy theorem.

(2) the effect of the action-at-a-distance is shown by the strong mutual energy
theorem. Especially the recoil force which is the effect of the mutual energy flow.
Since the mutual energy flow is consist of the advanced field, it has ability to
offer a recoil force to the emitter, this recoil force happens at the current time
that the emitter sends a retarded wave out. The emitter sends the retarded
wave out, the retarded wave reach the absorber need some time 7T, but the
absorber sends the advanced wave back to the emitter which needs a negative
time —7T', the total time when the action from the emitter to the absorber and
the reaction from absorber to the emitter is a time 7'+ (—=7") = 0.

(3) In this article we begin added a new kind of mutual energy and mutual
energy flow, the time-reversal mutual energy flow. This kind mutual energy
flow can be used to explain if there is a race situation, hence the two absorber
all received only a half photon. In this situation, the half photon needs to be
returned. This will guarantee the transactional process of the whole photon
energy package can be implemented.

(4) Mechanics law of Newton has been explained. Newton third law is that
the force of action and the force of the reaction is equal and in the opposite
direction. This law can be expanded as a remote law, the two objects can
separated a distance. In this case, there still exist the expanded third law.
That is the recoil force (reaction) which is equal to the force (action) to the
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remote object. The direction of the recoil force is in the opposite direction of
the action force.

In this article when we speak about Maxwell equations, we will explicitly
distinguish the two different situations, the first is the Maxwell equations for N
(many) charges and the second situation Maxwell equations is only for a single
charge. The first is written as MCMEQ (many-charge Maxwell equations),
the second is written as SCMEQ (single-charge Maxwell equations). If the
electromagnetic fields can be superimposed, it is easy to prove MCMEQ from
SCMEQ. Hence we do not need to distinguish these two concepts, however in
this article we will question the superimposition principle, hence we have to
distinguish these two situations.

2 Classical electromagnetic field theory

2.1 The confusion about the superposition principle

The field theory need superposition principle. However it is possible the super-
position principle has the problem. Now let us to see the concept of the electric
and magnetic field. Assume there are N charges in the system, we can calculate
the electric field in the place « by superposition principle,

N
B(w) =" E(w;,a) ™)

where x; is the position of the charge ¢;, E(x;,x) is the charge ¢; produced
field in the position x, the above definition looks good. The total field can be
obtained by the supposition. However if we need to know the field at a the
position of any charges, we can write the above formula as,

N
E(x)= Y E(z;,z)+ E(z; ) (8)
Jj=1,j#i
but
E(xz;,x;) = o0 (9)

if the charge is a point charge. Hence we have to change the definition of the
field as following,

N
ez Elxy, @) x; €

J=1,---j---N, it is the set of the index of the charges. The above definition
does also not very satisfy. Many people will ague that is this correct that the
field is extended to the any position without a test charge? According to the

E(z) = {Zjl E(zj,x) x4 (10)
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principle of action-at-a-distance, the action and reaction force can be defined
on to a charge, hence the field can only be defined on the charge which is,
E(z) = {No di finition x; ¢ J (1)

N
Y j=1j2i E(xj, ) m;i€d

Hence we have 3 versions of the definition about the field, which is correct? The
concept of superposition of the fields is confused. The magnetic field has the
same problem we do not discuss it here.

The reason of this confusion is because that if we measure the field we need
a test charge. But how can we know if the test charge is removed the measured
field is still there or not? According to the principle of action-at-a-distance, if
the test charge is removed, the field can not be defined as a real physics property.
It is only an ability to give a force when the test charge exists, but it is not some
thing real with energy in the space. It is also true for the radiation field, if the
absorber received a photon, how can we know that if the absorber is removed,
the photon is still there? If the absorber is removed the retarded radiation field
can only be a probability wave in quantum physics. It is not any wave with
physical energy in the space. That is the reason many people will argue that
after the removal of the test charge or the absorber, the field of the wave is not
defined. Tetrode has the very famous words, the sun cannot send light out, if
it is stayed in empty space alone, it need absorber to absorb the light energy.

From this subsection we are clear that the concept of the field is very con-
fused, actually this means the superposition principle has problems. There not
exist this kind of linear fields which can be simply added together in entire space.
The superposition can only be done at the place where there are a charge. And
the electric field at the position of the test charge is defined by the contribution
of the all other charges not include itself.

Without the superposition principle, we can still define fields as a collection
of all fields of their charges,

E(z) = [E(zj,x),- - E(zj, )] (12)

E(z) =By B, - Ey] (13)

we have written E; = E(xz;,x) for simplicity. In this article later, we will
continue shown the the problems of the superposition principle.

2.2 Power of a system with N charges

If the charge move and has the speed v;, where ¢ is the index of the charge, we
know that,

Ji = piv; (14)

where J; is the current intensity. p; is the charge intensity. There is,
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pi = qid(x — x;) (15)

and hence the current of the charge is,

I = /// J;dV = ///qié(a: —x;)v;dV = qv; (16)
v v

we know the power which of single charge is,

P(iL‘Z) = F(CL‘Z) sV (17)

x; is the position of the charge. F(«;) is Coulomb’s force on i-th charge, which
can be given as following,

_ Z qi4q; xi wj) (18)

Ameg ||lzs — 4|3
2 e Tl —
where ¢; or g; is amount of charge at the place x; or x;, write,

g (zi—=j)

E p 19
(zj, ;) = dmey ||z — 4|3 (19)
which is the electric field of charge g; to ¢;. Hence, we have
F(z;) = ¢; E(x;) (20)
Hence power of charge i is,
f)i = qu(a:Z) s V; (21)
Hence the power of the whole system with N charges is,
N
P=>"P= ZE x;) - (¢;v;)
i=1 i=1
N N
:Z Z E m]vwz : i (22)
i=1 j=1,j#1¢

The above formula is obtained from static electric field, but is is also correct
to the radiation fields.
We find when we calculate the power of N charges, we have to use the

following summation,
N N
oy (23)
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3 A bug in Poynting theorem for single charge

3.1 The start point of the author’s new electromagnetic
theory

The author’s electromagnetic theory is started from the following 3 conflicted
conditions:

(I) The author assumes that the electromagnetic field of the electric charge
satisfy SCMEQ),

V x E(zi, o t) = —2B@s 2D (24)
ot
V X H(zi,z,t) = J(x;,t) + ID(zi,x,t) (25)

ot

Here we only consider the two equation in Maxwell equations, since we would
like only consider the radiation fields. Where 4 is the i-th electric charge, x;
is the position of the i-th charge, 0 = %, t is time. FE is electric field, H are
magnetic H-field. J is electric current intensity, D is electric displacement. B

is magnetic B-field. According to the traditional definition there are,

Di(zi, x,t) = coE;i(xis @, 1) (26)
Bi(zi, ,t) = poH;(zi, x,t) (27)

where I, = q;v;

(IT) The author assume that the electromagnetic field satisfy superposition
principle, In last section we have said the superposition principle has the problem
but we have not really show what the big problem is, now let us first assume
the superposition principle is OK, and later see what will happen.

N
E(z,t) =Y E(x;,,t) (29)

i=1

N
H(z,t)=> H(x; x,t) (30)

i=1

We often write

Ji = pvid(x —x;) = I;6(x — x;) (33)
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(ITI) The author assume that there are N charges in the empty space. We
assume the charges satisfy energy conservation,

N
> Wi=0 (34)
=" oo =1
where
N
Wi= > E;-J; (35)
Jj=1,j#i

is power on i’s charge. The i-th charge can only obtained the force from N — 1
other charges. Hence we have,

o0 N

/ > ) E;-Ji=0 (36)

=" o =1 j=1,j#i

Condition (III) has accept the thought of absorber theory and action-at-
a~distance principle. That means that our universe has only N charges, the
radiation and force that can all be seen as action and reaction, which are only
take place at these NN charges. No any radiation will go to outside of this N
charge system.

This condition tell us the work is done for all J; are not changed, and hence
the energy is conserved for this NV charge system. We know for the class elec-
tric electromagnetic field theory, the condition (I) and (II) is enough to get a
solution. If the condition (III) is added, there is possible to have conflict. One
of the author’s goal is in case there is conflict, we can properly adjust so that
the conflict can be eliminated.

We have said the superposition principle has some problem, but in the be-
ginning, we still started from it. In the future if it has problem we will make
correction in that time.

3.2 The Maxwell equation for N charges

Together with the Maxwell equation Eq.(24,25) and the superposition principle
Eq.(29,30) we have,

V x E(z,t) = —%ﬂf’“ (37)
v xH(m,t):J+% (38)

3.3 The Poynting theorem of N charges

From the Maxwell equation we can derive the Poynting theorem[14], which is
give as following,
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_ﬁ(EXH).ﬁdF:é//(E~J+E~8D+H-8B)dV (39)

the electromagnetic field of NV charges can be obtained by the superposition
principle Eq.(9),

N
E=) E(z;z) (40)
=1
N
H =) H(x;z) (41)
=1
N
D =) D(z; x) (42)
=1
N
B=> B(z;z) (43)
=1
Hence we have,
N N N N
—#(ZZE(%,:U) % H(z;,2)) - 7dl =3 S I - E(zy, )
r =li=l i=1 j=1

N N
+///ZZ(E($“$) -0D(zj,z) + H(x;,x) - 0B(x;,x))dV  (44)
v

i=1 j=1

In the above second item, we have considered that,

///(Jq; E(z:,2))dV = ///(Iié(m ) Bla;,@)dV = I Bla;. ) (45)
v v

In the above formula we have considered Eq.(14, 15, 16).

3.4 The bug in Poynting theorem

We obtain Eq.(22) in the subsection 2.2, and we obtain Eq.(44) in last subsec-
tion. Inside the two formulas all have a items,

I, Bz ) (46)
But the summations before it are,
N N
> (47)
=1 =1

J

K3
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Which is different from energy conservation condition Eq.(23). vazl Z;vzl I;-
E(x;,x;) expresses also the interaction power of all charges in the system.
From this comparison to the energy conservation condition Eq.(36), this author
believe the Poynting theorem has overestimated the power of all charges in the
system.

Our goal is to derive the energy conservation condition Eq.(36). In the later
we can prove that the energy conservation condition con be easily derived if we
using the summation in Eq.(23) to replace the summation of Eq.(47) in Eq.(44),
we obtain,

///XN: XN; (Ei-0D;+ H;-0B;)dV (48)
y =1 g=lg#

In the above formula we have written E(x;,x) as E; and we have considered
Eq.(45) and replaced I; by J; within the integral.

The above formula Eq.(48) is the rest items of the Poynting theorem Eq.(44),
if all self-items are taken away. The all self items are as following,

N N
_5§{;Ei xHi).ndr:/V//;(Ei.Ji)dV

/// ﬁ:(Ei 0D, + H, - 0B,)dV (49)
vV =1

That means we have actually let,

/V// (E; - J;)dV =0 (50)

#(Ei x H;) - adl' = 0 (51)

r
///(El- .OD; + H; - B;)dV =0 (52)
14

Substitute the above 3 formulas to Poynting theorem of N charges Eq.(44)
we can obtained Eq.(48).

19



4 The mutual energy principle

According to the above discussion, we introduce the the self-energy condition
and the mutual energy principle:

4.1 The self-energy conditions

N
—#(ZEZ- x H;) - ndl
T i=1

N N
- ///(Z(E,» LTV + ///(Z(Ei LOD; + H;-0B)dV =0 (53)
Vo=l Vo=l
The above self energy condition tell us that all self-energy items are zero,

(1) Self-power:
///(Ez - J;)dV =0 (54)
14

(2) Self-energy increase in the space:

/// (Ei-0D; + H; - 0B:)dV =0 (55)
v
(3) Self-energy flow (this is corresponding to the Poynting vector E; x H;)
#(Ei x H;)-7dl =0 (56)
r

The self-energy items all vanishes, is the results of our guess from the fol-
lowing reason.

(1) If the self-energy flow doesn’t vanish, the energy will spread to the entail
empty space. This energy will leave our universe, that is very strange.

(2) If the self-energy flow doesn’t leaving our universe, the concept wave
function collapse should be introduced. However we have know the energy
can be transferred by the mutual energy flow (which will be discuss in later
section), we will try to avoid the wave function collapse, since wave function
collapse process cannot be described by any formulas.

(3) If self-power
N
Sl (B Tav #£0 (57)

that means the self-field of the charge can produce a force to the current of
its charge J;. This do not satisfy the Newton’s mechanics law that any object
cannot apply a force to itself. A few physicists believe in the electromagnetic
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field theory, the mechanics law is allowed to be broken. However this author
fell this mechanic law should still be insisted.

(4) Absorber theory[1, 2] and a-action-at-distance[28, 10, 30] all do not sup-
port the idea the force of a charge can apply a force to itself.

(5) In last section we have found the Poyting theorem of N charges has a
over estimation of the power of the system also suggested that the self-energy
flow should vanish.

We will discuss this self-condition more details in later sections. We do not
claim this self-energy condition is all OK, we will correct it if some thing still
does not satisfy. Now let us just accept it. This will be the starting point of the
author’s new electromagnetic field theory.

4.2 Comparison of the Poynting theorem and the mutual
energy formula

In the following we compare the Poynting theorem Eq.(44) and the mutual
energy formula Eq.(48) and see which is more meaningful. We can write the
left side of Eq.(48) as,

N N
ﬂ O > E -ndl = 0 (58)
T

i=1 j=1,j#i

which is the power sends to outside of our space if I" is big sphere contains our
universe, it is the flux of the energy flow send to outside of the universe, it should
vanish. If there is only N charge in a empty space, there should no energy flow
go outside according to the action-at-a-distance principle. We have known from
the mutual energy theorem[19, 24] if photon’s field either retarded field for the
emitter or advanced field from absorber, the mutual energy flow vanishes on
the big sphere I'. In the mutual energy theorem there is only two charges, the
emitter and the absorber. But that result can be widen to N charges, if all two
charges can be made as a pair. Hence the left side of Eq.(48) should vanishes.
The second term in the right side of Eq.(48) is the system energy in the
space. If started from some time there is no action or reaction to a end time
there is also no action and reaction. The integral of this energy vanishes, i.e.,

/ ///f: f: (E;-0D; + H; - 0B;)dVdt =0 (59)

=0 i=1 j=1,j#1
Substitute Eq.(58 and 59) to Eq.(48), we have the last term,

N

////Z Z (E;-J;)dVdt =0 (60)

= oo i=1 j=1,j%#1

These term also vanish. The left side of above formula is the power we have ob-
tained it at Eq.(22). The above formula tell us for the whole system, all energy
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is conserved. There is no any energy sends to outside of our universe (if our uni-
verse is composed as N charges). Hence, this is a corrected formula. The above
formula vanishes means that Eq.(48) satisfies the action-at-a-distance theory.
The whole power of the system with all charges are same as the subsection 2.2.
It is much meaningful comparing to the Poynting theorem Eq.(44) in which it

has the items,
[ - 30av = [[ (B@i2) - @iy = (61)
1% 1%

Since if the charge is a point, there is E; = E(x;, ) — oo, if € — x;. It also
has the items

ﬂ (E; x H;)-7adl #0 (62)
I

The system always has some energy go to outside even where is empty space
without other absorbers to absorb the energy. This is not suitable to the argu-
ment of Tetrode that if sun in empty space it should not send light out, because
there is no any absorber to receive the light!

If the system is our universe, it must be opaque to receive all energy, other-
wise our universe will have a continuous loss of the energy. Up to now there is
no any testimony that our universe is opaque. It is very strange. The following
items in Poynting theorem,

(Ei-Jj) (63)

N
=1

D

j=1i

is not the power of the whole system of N charges. It is over estimated the
power of a system with N charges! The problem of the Poynting theorem is the
cause that a re-normalization process has to be done for quantum physics. This
is a bug of the Poynting theorem with N charges. Poynting theorem is derived
from MCMEQ. MCMEQ is derived from SCMEQ by apply the principle of
superimposition principle. The bug in Poynting theorem is also a bug in either
in the superimposition principle or in SCMEQ or in both. We have not found
any problem with mutual energy formula Eq.(48).

In this subsection, the Eq.(58,59,60) are not proved strictly, we will comeback
later to discuss this again.

4.3 The mutual energy principle

In the electromagnetic field, from the low frequency bound for example wire-
less wave to the high frequency bound for example light or x-ray, there is the
following mutual energy principle,

N N
_#(Z > EixHj)-fdl

S N
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///ZZEJ

i=1 j=1,j#1i
///Z Z i-0D; + H; -9B;)dV (64)
i=1 j=1,j#1i

This principle is obtained from the N charge Poynting theorem Eq.(44) by
using the self-energy condition Eq.(54,55,56). This means that this principle
does not conflict with the SCMEQ and the superposition principle. This prin-
ciple does also not conflict with self-energy condition Eq.(54,55,56)

We will prove in the later section that we can derive the energy conservation

condition Eq.(34) from this mutual energy principle. The principle can also be
written as,

7<i

N
#Z ZEixHj—s—ijHi)-ﬁdl“
s
j<t

///ZZE -0D; +H;-0B; + E;-90D; + H; - 0B;)dV (65)

=1 j=1

==
uMz

j<i
ZE,--JJ-JFEJ-.JZ-)dV

Corresponding differential format of the above principle

N j<i

—Z ZV(ElXH]—FEJXHz)

i=1 j=1

i

s

J

ElJ]—I—EJJz)

||M

N g<u
ZZ (E;-0D;+H;-9B; + E;-0D; + H; - 9B,) (66)

A important situation is there are only two charges in the system, the other
charge do not involved. One charge is the emitter, another charge is the ab-

sorber, the above mutual energy principle for the two charge can be written as
following,

—#(El XHg—i—EQXHl)-’ﬁ,dF:// (E2~J1+E1-J2)dV
r
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+/]/(E1'6D2—|—E2-6D1+H1~6BQ+H2'8Bl)dV (67)
|4

or in the differential situation,

—V'(ElXH2+E2XH1):E2'J1—|—E1'J2

+E,-0Dy+ E,-0D, + H, -0By + H, - 9B, (68)

This situation is the case of a normal photon. A photon is a two-charge
system. One charge is the emitter, another charge is the absorber. Assume the
emitter randomly sends retarded wave out and the absorber randomly sends the
advanced wave out.

From now we will treat the above mutual energy principle as an axiom of
electromagnetic field theory.

5 There must be a pair of SCMEQ

In this section we will try to prove that SCMEQ is still OK. The bug is in the
superposition principle.

5.1 SCMEQ is still correct, but the advanced wave cannot
be avoided

In the above we have found that the superposition principle and SCMEQ have
conflict with energy conservation condition. This conflict led to the self-condition
Eq.(50, 51, 52). Since having this conflict, we have at least question the 3 con-
ditions in of our starting points in the subsection 3.3. Since the energy conser-
vation has to be accept. SCMEQ and the principle of superposition have to be
questioned. Hence we have to give up these two conditions: I. SCMEQ and II.
the superposition principle at least temperately.

Since we have to give up this two (I) SCMEQ and (II) the superposition
principle at least temperately, we will use the mutual energy principle in last
subsection 4.3 to replace the (I) SCMEQ and (II) the superposition principle.
In the above only 2 charges situation, we can try to find the solution for the
above mutual energy principle. In order to do so the above equation Eq.(68) is
rewritten by using the following vector equation,

V'(ElXHQ):VXEl‘HQ—VXHQ'El (69)
We obtain,

—(VXEl-HQ—VXH2'E1)—(VXE2-H1—VXH1~E2)
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=E,-Jy+Ey-Ji+
VE, Dy + H, - 0By + E»- 0D, + H - 0B, (70)

or it is further rewritten as,

—(V><E1+8B1)-H2+(V><H2—J2—8D2)-E1

f(VxE2+8B2)'H1+(V><H17J178D1)~E2:0 (71)

Let us consider a spatial situation, the first charge did not move and hence does
not send any radiation, we can Assume J; =0, if E; =0, H; = 0, then

(Vle—JlfﬁDl):O (73)
and substitute all these to the above formula Eq.(71) we obtain,

VxHy—Jy— 0Dy <0 (74)
VXE2+8B2<OO (75)
This give to a solution
Ey = anything < oo (76)
H, = anything < oo (77)

This is not a accept solution. Hence, this kind solution must be given up.
Similarly, if Jo =0, if E5; =0, Hy = 0, we can obtain,

E, = anything < oo (78)
H, = anything < oo (79)

this kind solution must be given up. This means that, the mutual energy prin-
ciple do not allow there is only one charge to have a accept nonzero solution.
The single charge does not have any radiation all the time.

This means that, the field & = [E;, H1],{2 = [E2, H3] must nonzero in
simultaneously. In this situation we obtain from the mutual energy principle
Eq.(71),

E B, =
VxE{+0B;=0 (80)
VXH17J1—8D1:0
VxEy+90Bs=0 (81)
VXHQ—JQ—aDQZO

25



This is two SCMEQ. Hence the mutual energy principle require that SCMEQ
must also work and the two fields must be nonzero simultaneously.

Since we are study the photon which is a very short time phenomenon,
if the two fields nonzero simultaneously that means the two fields must be
synchronized. Here the word “synchronized” means two events must happen
concurrently.

We can prove that if the two sources J1 # 0, Jo # 0 separately a distance,
only when the two fields & = [E1, H1],&2 = [E2, H3] one is retarded wave and
another one is advanced wave, it is possible that the two fields & and & to
be synchronized. For example, when the retarded field &; reaches the position
of Jo, if Jo send the advanced field &. In this time & and & nonzero in the
same time. When the advanced wave &; reach the J; at the same time as the
retarded field & is sent out. Hence & and &> are also synchronized at the time
J1 sent the retarded wave.

Otherwise, if both & = [Ey, H1],&2 = [E2, Hs| are retarded wave or both
advanced waves, it is not possible to them to be synchronized both in both
place in the same time when the wave is sent out and when the wave is received.
If there are two retarded waves and if it is synchronized in the place J1, that
means the field J5 send a wave & before and when the wave &5 is received by
J1, J1 will send a wave &; to Jo, when this wave & reached the J5, the events
happened after Jo sent the wave &. Hence at the place of Jo the two waves
cannot be reached in the same time. The two waves can only be synchronized in
one place, not both emitter and absorber. For a retarded wave and an advanced
wave it is possible to be synchronized in the whole road between the emitter
and the absorber.

We have said that since there are conflict between SCMEQ, superposition
principle and the energy conservation condition we have temperately give up the
both SCMEQ and superposition principle as axioms of the electromagnetic field
theory. We use the mutual energy principle as the axiom of the electromagnetic
field theory. Now from the mutual energy principle we find that SCMEQ still
correct at least some time. However there is the important difference. Originally
SCMEQ can be established for single charge. Single charge can send retarded
wave or advanced wave. Now there must be two charges one sends the retarded
wave and the other sends advanced wave. The charge sending retarded wave is
defined as emitter. The charge sending advanced wave is defined as absorber.
It required that the two waves: the retarded wave and the advanced wave must
be synchronized.

In other electromagnetic theory, it is always to ask whether or not that the
advanced wave is accept or not. In this author’s theory that advanced wave can
not be avoided.

It must notice that we are looking the solutions ¢; = [Ey, Hy,Ji1], (o =
[E2, Ho, Jo] nonzero simultaneously. Here we use ( to express fields together
with the source and £ to express only the fields. In the above discussion, if
& = [Ev1, Hy| =0, & = [E3, Hs| # 0, this is not a physical solution of the
mutual energy principle and which is not what we are looking for. However we
it & = [E1,Hq1] =0, & = [E2, Hy] # 0 and still satisfy the above SCMEQ
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Eq.(81), we will say that the & = [E9, Hs] # 0 is a probability wave. The
solution & = [E3, Ha] # 0 is not exist as physics solution but it still can be
a mathematical solution. Vice versa, &, = [E3, Ho] =0, & = [E1,Hy1] # 0
and satisfy SCMEQ Eq.(80) can be seen as a mathematical solution with the
interpretation of probability. This way we have offers a very good explanation
about the probability interpretation about SCMEQ. This means if we take the
mutual energy principle as axiom of electromagnetic field theory, very naturally
obtained that the solution of SCMEQ, which is a probability wave. This also
shows the advantage that take the mutual energy formula as the axiom for the
electromagnetic theory than SCMEQ. A probability wave is corresponding to
the probability wave function in quantum mechanics.

If the mutual energy principle is satisfied, it is true there exist a real physical
energy flow: the mutual energy flow which is the energy of the photon. The
mutual energy flow will be discussed more details in a later section of this article.
If the SCMEQ is satisfied, we still do not know whether there is a energy flow or
not depending the wave of this SCMEQ can find a counterpart wave to match
it. If a retarded wave finds a counterpart wave which is a advanced wave, this
retarded wave become a real wave with energy flow. This means the probability
wave have the chance become a real wave.

5.2 The bug is at the superposition principle

Since the SCMEQ and superposition principle conflict with the energy conser-
vation condition. We have said the bug is possible at the ether the SCMEQ or
the superposition principle, from last subsection 5.1 we know that SCMEQ is
still OK at least with some probability, hence, the bug should be at the superpo-
sition principle. We should give up the current superposition principle. In the
later section of this article we will update the superposition principle or correct
the superposition principle. For this moment we just give up the superposition
principle.

6 Energy conservation condition is satisfied

6.1 The energy conservation condition is satisfied

In the subsection 4.2 we have show that the mutual energy principle can satisfied
the energy conservation condition, but we have not prove it rigorously.

Now we began to prove that (III) the energy conservation condition in sub-
section 3.1 can be satisfied. Let us consider the mutual energy principle integral
formula of Eq.(67). It can be proved that if T' is taken as infinite big sphere
and If the both fields &; and & one is retarded wave and the other is advanced
wave, then there is,

#(E1XH2+E2XH1)'ﬁdFZO (82)
r
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Assume the distance between two charge is much smaller than the radius of
the infinite big sphere I'. The advanced wave reach the big sphere in a time of
the past. The retarded wave reach the big sphere in a time of the future, the
two fields cannot nonzero in the surface of I'simultaneously. Hence the above

integral must be zero. Hence we have,

O:/V//(El-J2+E2~J1)dV+

+///(E1-8D2+H1-8BQ+E2-8D1+H2-6.B1)CZV
\%4

Now considering a time integral, the above formula becomes,

0= ////(El-Jg—i—Eg-Jl)ddeH—
—oc0 V

+////(E18D2+H18B2+E26D1+H28.Bl)d‘/dt

“o0 'V
Since,
///(E1 0Dy + Hy 0By + Ey - 0Dy + Hy - 9B,)dV
1%
= a(///(eoEl “Eg + poHy - Hp)dV')
1%
=90U
where,
U= ///(eoEl -Es+ poH, - Ho)dV
1%
We have,

/ ///(E1 0Dy + H1 - 0By + Eo - 0Dy + Ho - 9B1)dVdt
—oco V

- / QUL = U (00) — U(—00) =0

(83)

(84)

(87)

Here U(—00) is the electromagnetic energy before the emitter sends the retarded
wave. U(oco) is the electromagnetic energy after the absorber receive the photon.
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Hence there is U(c0) = U(—oc0). Hence, the above formula satisfied. Substitute
the above formula to Eq.(84) we obtain,

7 ///(E1 Ja+ Ey - Jy)dVdt =0 (88)
-0V

This formula can be rewritten as following,

722: ji///(Ei-Jj +E;-J;)dVdt =0 (89)
oo =1 =17

If there are N charges, we can prove that the extended results also correct,
j<i

which are,
* N
/Z Z[///(Ei-Jj+Ej-Ji)dth:0 (90)

to =1 j=1

In case all the charge are paired as a emitter and a absorber. It is possible
an emitter is also an absorber in a different time or even in the same time but
paired with some other charge. The above formula can be written as

N

7% > //Ei.dethzo (91)

o i=1 =15

This is the condition (III) which is the energy conservation condition in sub-
section 3.1. Up to now we have proved that the energy conservation condition
can be derived from the mutual energy principle. Hence the mutual energy
principle does not conflict with energy conservation condition. We have also
know that the SCMEQ can also be derived from the mutual energy principle.
But the derived SCMEQ has big difference compare the original SCMEQ), the
original SCMEQ support a physic wave sent from a single charge, now it can
only support a probability wave. That means it only OK some time. Only
when a retarded wave can find an advanced wave to match, this retarded wave
become a real wave.

7 Self-energy principle and the time reversal waves

7.1 SCMEQ conflict with self-energy condition

In the subsection 5.1 we obtains the conclusion that the SCMEQ) is still partially
correct. It is correct if the retarded wave and the advanced wave is synchronized.
In case the SCMEQ is correct, the Poynting theorem for single charge mast also
be correct, that means,
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—#(EiXHZ’)-’deFZ// EledV
14

T
+ /// (E;-0D; + H; - 9B;)dV (92)
\%

and

ﬂ (Ei x H:) - adl # 0 (93)

r
// B JidV 40 (94)
V
/// (E;-0D; + H, - 0B)dV £ 0 (95)
1%

This conflict with the self-energy condition Eq.(54, 55, 56).

From the above discussion we have known that the photon is a system with
two charges. One is the emitter another is the absorber. The electromagnetic
fields of the two charges both can randomly jump up to high energy level or
jump down to the lower energy level. If it is jump down it will send retarded
wave. If it is jump up it will send advanced wave. Only when one charge sends
retarded wave and another sends the advanced wave in the same time, i.e. the
two waves are synchronized, the mutual energy principle can be satisfied. The
charge which sends retarded wave is referred as the emitter. The charge which
sends the advanced wave is referred as the absorber.

Since the field of the charge still satisfy the SCMEQ), the field of the charge
should also satisfies the Poynting theorem, which is conflict to the self-energy
condition Eq.(54,55,56). This conflict lead us make the following adjustment
to the self-energy condition, which lead us introduce the following self-energy
principle.

In the the subsectionl.5 the author has mentioned that a photon model has
been build in which the author has thought perhaps the self-energy flow is not
collapsed to its target but collapse to its source. If a wave collapse to its source
it can be described as a time-reversal process. It is clear that this time-reversal
process can be applied to solved the conflict above.

7.2 A guess about the time-reversal return of the self en-
ergy flow

In above our electron magnetic theory only the mutual energy flow (which will
be introduced in next section) is involved. What about the self energy flow? It
does not carry any energy according to the self energy condition Eq.(54,55,56)
we have obtained. It is a probability wave like in quantum physics said. This
is often difficult to be understand. People would like to think the wave is a real
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wave instead a probability wave. We have from the mutual energy principle
obtained that SCMEQ is still OK at least partially, which means the Poynting
theorem for single charge is also OK partially. This means that the self-energy
flow cannot be zero. Hence, our theory becomes conflict.

The author found that a wave it exist but do not carry energy perhaps can
be explained as that the wave is actually sent out with energy but later it is
time-reversal returned to its source, the pure effect is that the self energy flow
vanishes.

Most electromagnetic engineers believe that the electromagnetic wave espe-
cially the retarded wave is a real wave and does not like the wave in quantum
mechanics which is probability wave. In this article we have shown that the
electromagnetic wave, the retarded wave and the advanced wave do not carry
any energy if they are alone. The energy is carried through the mutual energy
flow which needs the retarded wave and advanced wave to work together and
to have been synchronized. Hence in principle, if there is only one wave for
example the retarded wave, it can not transfer the energy. The really transfer
energy needs an advanced wave to react to it. Hence, the retarded wave can not
be seen as a real wave with energy on itself all the time. It can be interpreted as
ability wave or probability wave. If we do not satisfy this result, perhaps we can
think the retarded wave is still a real wave carries the energy and transferred
the energy in the whole empty space, but if there is no advanced wave to receive
it, this retarded wave with energy will be time-reversal returned to its source,
i.e the emitter. Hence, the retarded wave time-reversal returns to emitter and
the advanced wave time-reversal returns to the absorber if they cannot find a
counterpart to be synchronized. This is similar to the transactional process in
the bank, if some thing is wrong, the money can not be transferred from bank
A to bank B, then the money must be returned to bank A. Energy is same as
money, if it can not be transferred from A to B, the energy conservation law do
not allow it to disappear in the space. Hence this energy no way to go, and it
must time-reversal return to its source. This way it can guarantee the energy
of the whole system is still conserved.

We do not assume the time-reversal wave for a retarded wave is a retarded
wave, instead we will assume the time-reversal wave is a time reversal process
of the retarded wave. It is same we do not assume the time-reversal wave for an
advanced wave is an advanced wave, instead we assume the time-reversal wave
for advanced wave is a time reversal process of the advanced wave.

The author assume that the emitters can randomly send the retarded waves,
and the absorbers can also randomly send the advanced waves. Now these waves
are real physical waves. If in the time when the retarded wave sends out, there
is just a advanced wave to match it, the energy is transferred through the
mutual energy flow from the emitter to the absorber. Otherwise the energy
in the retarded wave or in the advanced wave will time-reversal return. The
time-reversal wave is a time reversal process, which cannot satisfy by Maxwell
equations, but it can satisfy time-reversal Maxwell equations, which will be
described as following. Since time reversal processes are very confused to us. In
the following, this author will discussed them in extremely detail.
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It should be notice even the retarded wave of the emitter and the advanced
wave of the absorber are synchronized and there are a mutual energy flow goes
from the emitter to the absorber, the self-energy flow needs also to be time-
reversal returned. That means the self-energy flow always time-reversal returns
no matter the mutual energy flow is produced or not.

Assume R is a time reversal operator, it is defined as

RIE(t), H(t), D(t), B(t),z(t), ]
= [E(=t), H(=t), D(=t), B(=t), z(=1), —] (96)

where x(t) is the position of the charge.
The time reversal operator act on the following SCMEQ:

%Edlz—%//E-ﬁdA
%H.dl://J-ﬁdA+%//D~ﬁdA (97)

For single charge the above Maxwell equations can be written as integral form,

§I§E~dl:—i//B-ﬁdA (98)
%H.dl: —+—//D AdA (99)

In the above we have considered that,

// J-hdA = qu = qd“;(tt) (100)

where v is the speed vector of the charge. ¢ is the amount of charge. After the
time reversal operator, the above equations becomes,

?éE(—t) Ll = fi//B(ft) - hdA
%H(—t)-dl: dt dt//D - hdA (101)

In the above equation, since we have applied the time reversal operator, the
time ¢ is directed in negative direction. ¢ is directed to the past. Rewrite above
formula as following,

%E(ft) Ldl = %//B(ft)  dA (102)
yﬁﬂH) Sl = qd;’; //D - hidA (103)
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assume 7 = —t, 7 become the normal time. Directs to the future.

yﬁ E(r)-dl = % // B(r) - 7dA (104)

%H(T) Sl = —qd‘fi(:) - % //D(T) - hdA (105)

Change the time variable 7 as t we obtains,

%E(t) ~dl = %//B(t) - hdA

%H(t) Ldl = —qd%’f) - %//D(t) - dA (106)

Written them as differential equation as following,

VxE(t)= %B(t)
VxH(t)=-J(t)— %D(t) (107)
or
VxE=0B
VxH=-J-0D (108)

Since the above equation is not Maxwell equations, we cannot call this time-
reversal return field as electromagnetic field. We will use another symbol to
describe them.

V x E' =0B'
VxH =-J - 0D (109)

[E',H',D’, B'] are the time-reversal fields. which is not a normal electromag-
netically field. J’ is time-reversal current density. J' is normal current density.
But J' is not equal to J. J' can cancel J. In that time J = —J. We speak
about the the time-reversal field, the time-reversal process, it is not a return-
ing process. The returning process for retarded wave is still a retarded wave.
This time-reversal process for a retarded wave is some kind of advanced wave
(actually it is also not advanced wave, the advanced wave is sent a charge from
current to the past, the time-reversal wave of a retarded wave sent from infinite
big sphere at a future time to the place of the charge at the current time). This
time-reversal wave has the power thoroughly cancel all the original wave, even
without a history spoor.
To the other two Maxwell equations which are

V- D(t) = p(t) (110)
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V-B(t)=0 (111)

after the time reverse transform they become,

V- D(=t) = p(-t) (112)
V-B(-t)=0 (113)
After substitute —t = 7
V- D(r) = p(7) (114)
V-B(r)=0 (115)

Since the two equations are not the Maxwell equation we change them to use
different variables, we also change the variable 7 as t,

v-D'(t) = (1) (116)

V-B'(t)=0 (117)

Hence we obtained 4 new Maxwell equations, which are time-reversal Maxwell
equations.

7.3 The corresponding Poynting theorem for the time re-
versal Maxwell equations

Similar to the situation of SCMEQ), the Poynting theorem for single charge can
be derived. It is easy to prove that the Poynting theorem for the time-reversal
wave can be written as following,

-V-(E'xH)=—-(VxE -H -FE -VxH)
= 9B -H + E - (J-0D)
=_-FE .J - (0B -H' +E'-0D) (118)

Or the corresponding Poynting theorem for the time reversal electromagnetic
field is,

(E' x H') - hdA
7

I
= +// E’-J’dv+///(aB’-H’+E’-aD’)dv (119)
14 14
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From this Poynting vector it is clear that the Poynting vector E’' x H' is direct
to the inside of the volume V. Here we have assume that the original wave
is a retarded wave. E’, H' is some kind of advanced wave. It is not really
a advanced wave, advanced wave sent from current to the past, but this time-
reversal wave of a retarded wave sent from future to the current. The direction
of the energy flow of the time-reversal wave of a retarded wave is same as the
advanced wave. This direction is at the opposite direction of the retarded wave.
We have known, the direction of the Poynting vector E x H is point to outside
of the surface. Hence, the direction of the Poynting vector for E' x H' directs
to the inside of the volume V.
Compare the above formula to the Poynting theorem which is

—-V(ExH)=—(VxE-H—-E-VxH)
+0B-H+E-(J+90D)
=FE-J+((0B-H+E-0D) (120)

or the Poynting theorem is,

7#(E><H)~ﬁdA

:// E.Jdv+///(aB-H+E-8D)dV (121)
Vv v

If we calculate all the self energy flow includes both two Poynting theorems
together. Considering both the retarded wave and the advanced wave and also
the corresponding to time-reversal waves, we obtain,

#(E’xH’)-ﬁdA—ﬂ(ExH)-ﬁdA

r
:// E/~J/dV—|-// E-Jdv
1% 1%

+/V//(aB'.H'+E'.aD’)dV+/V//(aB~H+E-8D)dV (122)

For the Poynting theorem,

— {J-(E x H) - 1dA is the energy flow come to the inside the volume V.
[[f;, E - JdV the energy changed to become the heat inside the volume V.
[[,,(0B - H + E - 9D)dV the energy increase inside the volume V.

For the Poynting theorem corresponding to the time reversal field is,
{J(E' x H') - ndA The energy flow to the inside of the volume V.

[[f,, E" - J'dV This is a energy power source which produce energy.
[[J,,(0B" - H' + E’- 0D")dV is the field energy decrease inside.

It is clear that,
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\// 0B’ -H'+ E'-9D")dV| = |// 0B -H + E - 0D)dV| (123)

|// E . JdV|= \// E-JdV| (124)

|#(E' x H') - dA| = | #(E x H) - idA| (125)

Hence it is clear all of these items just cancel each other, we obtain the
following self-energy flow theorem,

—#(ExH)-ﬁdAJr#(E’xH’)-ﬁdA:O (126)

// (0B-H + E - 9D) dV+// (0B'-H' + E'-0D')dV =0 (127)

// E. JdV+// E' -Jav =0 (128)

In the above if an item of normal energy increase, the corresponding time-
reversal item will decrease.

Hence all the self-energy items are canceled without any history spoor. Hence
the self-energy items do not have any contribution for the transferring of the
energy. This is the self-energy principle compare to the Eq.(53). Eq.(53) conflict
with Maxwell equations and Poynting theorem. Eq.(126,127,128) do not have
that problem.

In the above we have described for the situation of the retarded wave. For
the advanced wave, the situation is similar, all the items of the advanced wave
are balance out with the items of the corresponding time-reversal waves. The
advanced wave also does not contribute to the energy transfer.

The the self-energy time-reversal process described with the above, it can
be seen as collapse processes, the wave collapse to it’s source, either emitter or
the absorber. This collapsed process is different to the wave function collapse in
quantum mechanics, in which the retarded wave collapse to the absorber. The
advanced wave collapse to the emitter. Hence it can be referred as collapse to
its target. No one offers a formula to describe the collapse process to the its
target. The time reversal wave has not been proved by the experiment, just like
the wave function collapse has not been proved in experiment, but it still can be
applied to interpret of the light waves. With the concept of time-reversal waves
our theory become selfconsistent.
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Figure 1: For an emitter, it send retarded wave to the entire empty space. This
retarded wave is referred as self-energy flow. No matter the mutual energy flow
is produced or not, the self energy flow will time-reversal return to its source, i.e.
the emitter. It is same to the advanced wave, the absorber sends the advanced
wave to the entire empty space, no matter the mutual energy flows are produced
or not, the self-energy flows of the advanced wave has to be time-reversal return
to its source which is the absorber.
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Hence the interpretation that wave is time-reversal returned with the above
time-reversal process is better other interpretation that the wave function col-
lapse. The wave function collapse cannot be described with any formula or
equations.

It should be noticed that if the retarded wave is a real wave with energy
in space, it must be time-reversal returned if there is no the matched advanced
wave. Actually even there is a photon has been sent out, that is only the mutual
energy flow, the self-energy flow is still in the space. After the energy transfer
process of the photon, the self-energy and the self-energy flow also needs to be
time-reversal returned. The self-energy flow help the mutual energy transfer the
energy in the space. After the energy transferring process, either the energy is
transferred or not, the self-energy flow of the emitter has to time-reversal return
to the emitter and the self-energy flow of the advanced wave has to time-reversal
return to the absorber.

In the discussion about the mutual energy principle, we do not care the self-
energy flow which dos not carry energy in physics. But now we can also assume
it carry energy, but the energy time-reversal returns to its source, hence the
pure effect just like the self-energy flow does not transfer the energy.

For the retarded wave, the corresponding time-reversal wave is some kind
of an advanced wave which can cancel the retarded wave exactly. Here the
author said it is a some kind of advanced wave, only consider the time-direction
of the energy flow which is same as the advanced wave. However it is not an
exact advanced wave. The advanced wave is sent from current time to the
past time. The time-reversal wave of a retarded wave send wave from future
time back to the current time. The total result of a retarded wave and the
time-reversal wave of the retarded looks like the retarded wave never happened,
even without a history spoor. For an advanced wave, the corresponding time-
reversal wave is some kind of a retarded wave which can cancel the advanced
wave exactly. The total result of an advanced wave and its time-reversal wave
looks like the advanced wave never happened. See Figure 1 for a retarded wave
and its corresponding time-reversal wave, which are balance out or canceled.

7.4 Summary of the 4 different fields

Hence in the author’s theory, for a model of a photon there are 4 different fields:

(1) The retarded wave, this wave time-direction is from current time to the
future. This wave satisfies SCMEQ. The source of this wave is the emitter.

(2) The advanced wave. The wave time-direction is from the current time to
the past. This wave satisfies SCMEQ. The source of this wave is the absorber.

(3) The time-reversal wave of the retarded field, which actually is also some
kind of advanced wave. This wave time-direction is from future to the current
time. This wave satisfies the time-reversal Maxwell equations.

(4) The time reversal wave of the advanced wave, which is also some kind of
the retarded wave. The wave time-direction is from past to current time. This
wave satisfies the time reversal Maxwell equations.

There are 4 self-energy flows corresponding to the above 4 waves.
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The retarded wave and the advanced wave can interfere each other or su-
perpose together and this superposition produce the mutual energy flow which
is the normal mutual energy flow.

The author assume it is possible that another kind of mutual energy flow
can be produced, which is the mutual energy flow of the time-reversal wave
of the retarded wave and the time-reversal wave of the advanced wave. It
can be referred as time-reversal mutual energy flow. The time-reversal mutual
energy flow can balance out or cancel the normal mutual energy flow. This will
be applied to explain the reason why we cannot receive half photon. Explain
why a half photon energy package cannot be established. If the absorber only
received half photon, the absorber can return this part of energy to emitter by
the time-reversal mutual energy flow.

The energy flow of the time reversal field corresponding to the retarded field
can cancel the energy flow of the retarded wave. The energy flow of the time
reversal field corresponding to the advanced field can cancel the energy flow of
the advanced wave.

Hence, in the author’s theory there are 4 waves and 6 energy flows for a
photon. Each wave has a energy flow, but there are two additional energy flows
which are the mutual energy flow and time-reversal mutual energy flow. This
together consist a particle-wave which is a wave with momentum and energy
and localized in the space. A photon’s particle-wave is not produced with only
one wave and with one energy flow, it is consist of 4 waves with 6 energy flows.

7.5 The difference of the time-reversal transform and the
conjugate transform

The time-reversal transform can be summarized as
Assume R is a time reversal operator, it is defined as

RIE(t), H(t), D(t), B(t), z(t),]

= [E(_t)vH(_t)vD(_t)vB(_t)7_J(_t)] (129)

In Frequency domain this can be re-written as

R[E(w), H(w), D(w), B(w)]

= [E"(w), H" (), D*(w), B*(w), =J"(w)] (130)

It should be mentioned here the time-reversal transform R is differ with the
conjugate transform C[11]. The conjugate transform is given by the following,

ClE({t), H(t), D(t), B(t), (1), ]

= [E(_t>7_H(_t)’D(_t)a_B<_t)7_J(_t)] (131)



ClE(w), H(w), D(w), B(w)]

= [E"(w), -H"(w), D" (w), =B*(w), =J*(w)] (132)

The conjugate transform is adjusted time-reversal transform. After this ad-
justment, the result can satisfy Maxwell equations. Hence the result of time-
reversal transform do not satisfy the Maxwell equations, but satisfy the time-
reversal Maxwell equations. After the conjugate transform, the result still sat-
isfy Maxwell equations. C will change the retarded wave to advanced wave, and
change the advanced wave to retarded wave. But R will change the the wave
either retarded or advanced to the corresponding time-reversal waves. After the
operator R and C the field still physical amount.

As T know there are arguments in internet post about whether inside the
time-reversal transform, for the magnetic field should add a minus sign or not.
Now we are clear for the magnetic field, it can add or not add a minus sign
depending what transform R and C you like to do. Both are correct. Please
notice that in the publications when other author spoke about time-reversal
transform, it is often they are talking about conjugate transform. This author
introduced a new kind electromagnetic field. Hence need to distinguish these
two kind of transforms.

8 Mutual energy theorem and the mutual energy
flow

8.1 The mutual energy theorem for photon

Assume & = [Eq, H4] is retarded wave, & = [Eq, Ho| are advanced wave.
Assume the electromagnetic field waves are only short time impulses. & and &
satisfy Eq(80,81) and are synchronized. The Eq.(88) can be rewritten as,

—/// Es - JdVdt = /// Eq-J.dVdt (133)
—oo V —oo V

This is formula is looks same as W.J. Welch’s time domain reciprocity theorem|31].
If in the Fourier domain this formula looks like the original mutual energy the-
orem of the author|[15, 34, 33].

It should be clear here, in here the author has introduce this theorem to
the photon situation, the meaning of this formula is different to compare with
the original Welch’s time-domain reciprocity theorem. In Welch’s theorem the
source still sends the wave energy to the whole space, there is only a small part
of energy send out from transmitting antenna to the receiving antenna. Welch’s
theorem tell us that the part of energy sent from transmitting antenna to the
receiving antenna is equal to the energy received by the receiving antenna. The
original Welch’s theorem is clear correct and hence it is trivialness. Welch even

40



did not realize the theorem is an energy theorem, hence he call it is a time-
domain reciprocity theorem. As a reciprocity theorem it is used to make some
calculation in which the two fields (; = [E1, H1,J1] and (3 = [E2, H, J2] do
not need to be all physical field. Usually only one is physical field for example (;,
but (s is a virtual field. Hence if (; is retarded field, (s is advanced field, there
is no any problem since the advanced field is not a real field, it is only a virtual
field used in the reciprocity theorem for some calculation convenience. Hence
the advanced wave do not need to be a real wave in the meaning of physics. In
contrast, the mutual energy theorem emphasize it is an energy theorem, hence
the two fields are all real physical fields.

Another important thing is that the above formula now tell us that all energy
sent from the emitter is received by the absorber. The energy sends from the
emitter to the whole space (not received by the absorber) is 0. The reason
of that is because the new mutual energy theorem is derived from the self-
energy principle and the mutual energy principle which guarantees that all the
self-energy flow has been canceled with the corresponding time-reversal return
self-energy waves. There are only the mutual energy and mutual energy flow
are left. There is no any energy is sent to the empty space and has been lost.

The above mutual energy theorem is suitable to the signal with very short
time wave, for example the photon situation. A emitter sent a photon and an
absorber receives a photon only with a very short time. Hence, we call this new
theorem is a strong mutual energy theorem that has big difference compare with
the original time-domain reciprocity theorem of Welch and the mutual energy
theorem of author introduced in 1987.

Even in the antenna situation, the original mutual energy theorem of the
author in 1987[15, 34, 33] tell us the mutual energy send from the transmit-
ting antenna to the receiving antenna can be described by the mutual energy
theorem. However there is still the possibility the antenna, can receive part of
energy from the self-energy which is corresponding to the energy flow described
by Poynting theorem which is

—#(El x H1) - adA

:// E1-JldV+///(8Bl-H1+E1-8D1)dV (134)
1% \4

The new mutual energy theorem in this article or the stronger mutual energy
theorem tell us that the self-energy flow corresponding to the self-energy flow of
the transmitting antenna, {f (E; x H1)-ndA Cannot be received by the receiving
antenna of the current of the receiving antenna J,. Hence the new mutual
energy theorem is much stronger than the original mutual energy theorem.

8.2 The mutual energy in Frequency domain

In Fourier domain the mutual energy theorem can be written as, this is looks
the mutual energy theorem obtained by this author 30 years ago [15, 34, 33].
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Figure 2: photon model, in this model the field {; = [Ei, Hy,J1],(e =
[E2, H,, J5] all satisfy SCMEQ.

However the mutual energy theorem derived that time is also for transmitting
antenna and receiving antenna. And the mutual energy formula tell us the
receiving antenna received power is equal to a part of energy sent from the
transmitting antenna to the receiving antenna. In antenna situation most power
is sent to the whole space, there is only very small part energy from the total
power will be received by the receiving antenna. But in this section the mutual
energy principle is speak to photon situation. In this situation all energy sent
out from the emitter is received by the absorber, if in the Fourier domain, we
have,

- [ B @i = [[f Biw)- s3av (135)
\4 \4

In the above formula the left site is the total power sent out from the emitter.
The right site is the power received by the absorber. The new theorem can be
referred as strong mutual energy theorem compare the author original mutual
energy theorem in 1987.

Make a Fourier transform to the above formula we obtains,

—é/v/EQ(t—i—T)-Jl(t)dth:é/V/El(t)~J2(t+T)dth (136)

This formula same as the time-correlation reciprocity theorem of Adrianus T.
de Hoop, [8].
If take 7 = 0, we obtained the mutual energy theorem Eq.(133) from 136.

8.3 Photon and mutual energy flow

Figure 2 shows the photon model of this kind solution. The emitter and absorber
can be think as small antenna inside a atom. They also has their currents J;
and J5.

Assume we have put a metal plate between the emitter and the absorber.
We make a big hole to allow the light to go through. The light goes from the
emitter to the absorber. The mutual energy flow (will be defined in Eq.(138)) is
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Figure 3: The mutual energy flow only exists at the overlap place of the two
solutions of the SCMEQ. The field of the emitter is retarded wave. The field of
the absorber is advanced wave.

exist only on the overlap of the two fields (; = [E;, H1] and ¢; = [Es, H2], see
Figure 3 (it is possible there is still a little bit mutual energy flow outside the
overlap region, but it become very weak). This overlap region create a perfect
wave guide for the light wave. Inside this wave guide the normal TE (Transverse
electric) and TM (Transverse magnetic) wave can be supported and they are
perpendicular to each other and hence the polarization include linear and circle
polarization of the waves all can be supported.

The disadvantage of this photon model is that it can only send the wave
with linear polarization. If we need the photon as circular polarized field, we
have to make the current J; and Js have two components for example along
axis y and axis z, or to make the currents rotating along = axis. This is perhaps
possible, because the electron is at spin, their current is also possible to have
spin. In this way the radiate wave becomes circular polarization.

We can take the volume V only includes the emitter or only includes only
the absorber, this way we can prove that the flux of the mutual energy flow go
through each surface Sy, Sa, S3, S4 and S are all equal, see [26, 24], that is,

e

t=—oc0 Vi

=Q1=Q2=Q3=0Q41=Qs

7 /// (Ey - Jo)dV (137)

t=—o0 Vs

where @; is the flux of the mutual energy flow integral with time,

Q,-:/#(Eleg—kngHl)%dth i=1,2,3,45  (138)

t=—oc0 S;
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where 7 is normal vector of the surface S;, the direction the normal vector is
from the emitter to the absorber. This formula clear tells us the photon’s energy
flow is just the mutual energy flow. The mutual energy flow integral with time is
equal at the 5 different surfaces or any other surfaces. We know that the surface
S1 and S5 are very near to the emitter or absorber. This surface becomes so
small, hence the wave beam is concentrated to a very small point. It looks very
like a particle. In the middle, the wave beam is very thick. We can put other
kind plate for example the metal plate with two slits. In this double-slit case
the mutual energy flow (it is also some kind wave) will produce interference
patterns. This can explain the wave-particle duality character of the photon.
In the double-slit situation the above formula Eq.(137) can still be established.
The above formula can be referred as the mutual energy flow theorem.

The left of the formula Eq.(137) can be seen as the energy sucked by the
advanced wave & = [Eq, Hs] from the current of emitter J;. The right of the
formula Eq.(137) can be seen as the current of the absorber Js received the
energy from the retarded wave £ = [E1, H1|. Integral of this energy with time
is equal to each other and all equal to the integral of mutual energy flow in
each surface S;. The mutual energy flow is produced with retarded wave and
advanced wave together. The two waves must be synchronized. The retarded
wave can be referred as emitting wave of the emitter. The advanced wave can
be referred as receiving wave of the absorber.

8.4 Proof of the mutual energy flow theorem

The proof is not difficult, however from the author introduce the mutual energy
theorem to mutual energy flow theorem 30 years has passed. The author has
call the theorem as a energy theorem, but actually in that time did not prove
the theorem is a energy theorem. Best way to prove it is a energy theorem
is prove the mutual energy theorem form Poynting theorem. All people can
accept the Poynting theorem is energy theorem, if mutual energy theorem can
be proved form Poynting theorem, it is clear that the mutual energy theorem
is a energy theorem. The author cannot prove mutual energy theorem form
Poynting theorem in 1987. The author has chosen a wrong Poynting theorem.
Actually the Poynting theorem has two formulas one is in time-domain, one is in
Fourier frequency domain. The two theorems are two different theorems instead
of one theorem connected by Fourier transform. Hence the author stop there. It
is only recently when the author proved that the mutual energy theorem can be
seen as a sub-theorem of the Poynting theorem|[19], the author begin to think
the new question, that is if the energy can be transferred there should be some
energy flow in the space. Hence the author begin to find the mutual energy flow
theorem|[24, 17]. The proof is describe as following, the mutual energy theorem
with surface integral can be written as,

— / #(E1XH2+E2XH1)ﬁdth

t=—o0 T’
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t=—o0

_ 7///(E2-J1+E1-J2)dth
1%

Here the surface I' is any surface for example a very big sphere. V' is the volume
inside the sphere surface. Since the surface can be take as any surface, we can
choose it as a surface of V7. Viis the place of the emitter J;. The above equation
can be written as,

— / #(E1XH2+E2XH1)ﬁdth

t=—o0 I'y

_ / //E2~J1dth

t=—oc0 Vi

or

— / // E5-J.dVdt = / #'(E1XH2+E2XH1)-TALdth

t=—o0 V; t=—o0 I'y

In the same way, we can have,

/ #.(E1 x Hy+ Ey x Hy) - hdldt

t=—o00 I'y

_ / //E1~J2dth

t=—oc0 Vs

In this formula the direction of the surface 7 is directed from inside of V5 to the
outside of V5. Hence it is directed from V5 to V3. We changed the direction of
7 to the opposite direction which is on is from V; to V5. The above formula can
be rewritten as,

/ #(E1XH2—|—E2XH1)ﬁdth= / // ElJQdth

t=—00 Ty t=—00 Vi

substitute the above two formula to Eq.(133), we obtained that,

— / // Ey - JdVdt = / #'(E1XH2+E2XH1)-ﬁdth

t=—oco V; t=—0c0 Iy
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/ # E1XH2+E2XH1 -ndldt = / [/ E.-JdVdt

t=—o00 T t=—co Vj
or
/ // Ey - J1dVdt
t=—o0 V;
=Q@1=0Q2
oo
/ // B, JydVit
t=—c0 Vi
Where,

/ #(El % Hy + Es x Hy) - hdTdt

t=—o0 I'y

/ #~(E1XH2+E2XH1)'ﬁdth

t=—o0 I'y

Actually that the surface Q1 and Qo can be chosen as any complete surface
between the emitter J; and the absorber Js5. The proof is finiseshed.

8.5 The inner product of the electromagnetic fields

The author has defined inner product for electromagnetic field[15] by

(€1.6) = ff (B1(@) x H3(0) + Biw) < Hy(w)) -l i =1,2.3,4,5 (139
r;

(&1,6) = / # (E1(t) x Hy(t) + Ey(t) x Hy(t)) - Adldt (140)

t=—o00

If T'; is the big sphere, it can be prove that, if the sources of £ and &, are
inside the surface I';. Assume &; and & are all retarded fields There are,
(I) Conjugate symmetry:

(&1,82) = (&, &2)" (141)
(IT) linearity:

(a1 + 62, 83) = a(§1,83) + b(€2, &3) (142)
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(ITI) Positive-definiteness:
(&,&) =0 (143)

(&,&) =0 < &=0 (144)

(&1,&2) are very good inner space of the electric magnetic fields. If (&1, &)
are all advanced fields the above conclusion can also be established.

It is important that if the (&1,£2) one is retarded wave and another is ad-
vanced wave, the inner product can be defined at any surface between the two
charges, one is the emitter and the other is absorber. In this situation, since the
two field cannot be equal, because one is retarded field and another is advanced
wave. Hence the condition (IIT) do not need to satisfy. In the situation the two
waves are same, this inner product can be applied to do the wave expansion, for
example, sphere the wave expansion[15] or the plane wave expansion|33]. These
two situations are applied to the mathematical applications, the surface I' are
taken as any surface outside of the sources J1, J2. In case the two wave one is a
retarded wave and the other is an advanced wave, the surface I' is taken at any
place between J; and J5. This inner product is just the mutual energy flow.
Hence, there is

o0

Qi:(§17€2>: / #(E1XH2+E2XH1)ﬁdrdt i:172a37455 (145)

t=—o0 I';

We also written

(1, &), / // (Ey-J1 + Hy - K1)dV (146)

t=—00 Vi
T2,§1 / /]/ J2+H1-K2)dV (147)
t=—o0 Vs

where K7 and K5 are magnetic current intensity, 7, = [J1, K1], 72 = [J2, K2].
It is clear that the above formulas also satisfy the inner product 3 conditions.
Hence, we can written them as inner products. Here we have K, = 0, K5 = 0.
Hence, the mutual energy flow theorem can be rewritten as,

—(m1,&)v, = (&1,&) = (12, &)w (148)

8.6 Int is possible that to have the mutual energy flow for
the time-reversal waves

Originally the author thought the time-reversal fields do not produce the mutual
energy flow. But this is not consist with a complete theory. Why the retarded
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wave and the advanced wave can interfere with each other and produce the
mutual energy flow, but the corresponding time-reversal fields cannot produce
the mutual energy flow? The problem is if we allowed the time-reversal fields
also produce the mutual energy flow, this time-reversal mutual energy flow can
completely cancel the original mutual energy flow. However there is also a
situation we need the mutual energy flow also to return to their sources. Hence
the author assume the mutual energy flow theorem is also established as flowing,

(1, &)v = (61,8) = (72.8)vs (149)

where

(7, v, = /OO || o by v (150)

t=—o0 V;
(rh. € )y, = / ///(E&-J’2+H;-K'Q>dv (151)
t=—o00 Vs

The time-reversal mutual energy flow is defined as following,

Qi = (&1, &)

= — / # ‘(Ell X HIQ + E,Q X H,l) -ndldt 1= 1,2,3,4,5 (152)
t=—o0 I';

Please notice in the above formula there is negative symbol in the front of the
formula, this negative symbol is used to let the above formula have a positive
value.

Hence, now the author believe that it is possible that the two time-reversal
waves, one is corresponding to the retarded wave, one is corresponding to the
advanced wave can interfere with each other and also produce their mutual
energy flow. This is because they satisfy the same equations: the time-reversal
Maxwell equations. Hence, they should be possible to interfere with each other,
these two fields will produce another kind of mutual energy and mutual energy
flow. This is very similar to the normal mutual energy flow. Here the normal
mutual energy flow is referred as the mutual energy flow which are produced by
the retarded wave and the advanced wave. The new kind of the mutual energy
flow is referred as time-reversal mutual energy flow which is produced by two
time-reversal wave corresponding to the retarded wave and the advanced wave.

In case there is the race, that is there is two advanced waves have matched
with one retarded wave. Hence the two absorbers each obtains half energy
package from the retarded wave. Since the half-retarded wave bring only half
photon which is not enough to allow the electron in the absorber from lower
energy level to spring to a higher energy level. In this case, the energy is
returned to the original level. There is a time-reverse current J5 cancel the
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Figure 4: In case of race, an absorber only receive a half photon or a part of
photon, in this case the energy is allowed to be returned through the time-
reversal mutual energy flow. In this way, the energy on the detector screen
can flow from one absorber to another. Once an absorber received an energy
of whole photon, it will locked this energy and does not allow this energy to
return. The energy is sent form the emitter to the absorber in this way.

i

received current Jy. Because of J5, it has (£],75) # 0, and hence, (£1,&5) # 0,
and hence, (&5, 71) # 0. This time-reversal mutual energy flow will balance out
the normal mutual energy flow, which means following,

(11,&)w + (11,&2)v, =0 (153)
(72:€)vs + (72,61)v, =0 (154)

Hence, for the mutual energy, if an energy item increase, the corresponding
time-reversal items will decrease, hence all items are balanced out or canceled.

Hence, the time-reversal waves can offer a function that the energy can be
sent and also returned even with many times. The energy can be oscillated
between the emitter and many absorbers.

This way the energy have the ability flow from one absorber to other ab-
sorber. If one absorber obtains a whole photon energy package, this energy will
be locked by this absorber and do not allow it to leave. This energy package
will not returned by the absorber. Otherwise the energy can leave this absorber,
return to its emitter and then flow to other absorber.

8.7 It is possible that the time-reversal mutual energy flow
is 0

the time-reversal self-energy flow can be nonzero, but it is possible that the

time-reversal mutual energy flow is 0.
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We know that the mutual energy can be written as inner product (£1,£2),
here & = [E;, Hq] is the retarded wave, & = [Es, H»] is the advanced wave.
This is because the inter products

—(11,&)v; = (£1,62) = (12,€1)v, =0 (156)

The inner product is 0 means the two field & and &, are orthogonal. We only
need to make one of the inner product 0 is OK. For example,

(11, &2)v, = /oo ///(Ez-Jl):o (157)

t=—00 Vi

This means that Eo 1 Jq, here “1” are some kind of perpendicular.
It the same to the time-reversal mutual energy flow which is the mutual
energy flow of the two time-reversal waves. That means we can have,

—(11,&)vi = (61,83) = (72,61)v, =0 (158)

This formula tell us that the time-reversal mutual energy flow can be nonzero

or zero according to the different situation. In case the absorber receive a whole

photon energy package, this energy will be detained by the absorber and hence
need,

(73,6, =0 (159)

This will make the system with (£1,&5) = 0. This will not allow the energy to
return to the emitter. In case the energy obtained by the absorber is not enough
as a whole photon energy package, the electron charge of the absorber cannot
spring from a lower energy level to a higher energy level. This charge spring to
a half energy level and it will returns to it’s original energy level. Hence, this
energy is allowed to return and the time-reversal mutual energy flow (&1, &5) # 0.

The major criticism to the transactional interpretation of the quantum me-
chanics of John Crammer is that if the offering wave (which is the retarded
wave) has been received by two or more absorbers, why only one absorber win
the photon energy? And why only this absorber sends back the confirm wave?
We know in computer science, a transactional process includes a money return
function. For example, if two senders try to send money to one receiver in ex-
actly same time, the race condition happened, the transactional processes are
not successful, then the money in these two processes must be returned to their
senders. Transactional interpretation of John Cramer is only qualitative the-
ory which cannot offer very details includes about this money return function.
Our mutual energy flow theory is a quantitative theory, which have to offer
this function. So the energy will same as the money can be returned through
time-reversal mutual energy flow.
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9 The collapse of the wave function

The transferring of the photon energy starts from a point and ends at a point.
But the wave according to the Maxwell equations spreads from the source point
to the entire empty space. In order to explain this phenomenon with the re-
tarded wave, the concept of wave function collapse is created. This concept is
very rough, if there are many partition boards with a small holes between the
emitter charge and the absorber charge. The light is clear can go through all
these small holes from emitter to the absorber. But according to the concept
of the wave function collapse the wave must collapse N times if there are IV
partition boards with holes. Collapse in one hole is strange enough, if the wave
collapse N times, that is unbelievable! In another article we have proved that
the photon energy is actually transferred by the “mutual energy flow” which is
point to point instead spreads to the entire space. Since energy can be trans-
ferred by the mutual energy flow, the concept of the wave function collapse is
not necessary. In order to build the mutual energy flow it is required to build the
self-energy flow also. The self-energy flow is spread to the entire empty space.
What will do for the self-energy flow? it is possible the self-flow also collapse
to the absorber. However if self-energy flow collapse, we have also meet the
same problem as the whole wave collapse. That means if there are N partition
sheets with IV holes, the self-energy flow has to collapse IV times. In the article
about mutual energy principle we have propose another possibility in which the
self-energy flow instead collapse, we believe it is time-reversal returned. It is re-
turned with a time reversal process, hence the self-energy dose not contributed
to the energy transfer of the photon. The time-reversal process can be seen
as also a collapse process also, however it is collapse to the source of the wave
instead of the target of the wave. In this article we will discuss the self-energy
flow and the time reversal process in details.

9.1 Ifthere are more partition boards between the emitter
and the absorber

The time-reversal field is very like the wave function collapse, the wave func-
tion collapse is that the wave collapse to its target. That means the energy is
transferred from a point and ended at another point. The time-reversal field is
a collapse process that it collapses to its source instead to the target, i.e. the
wave collapse to its starting point.

When a wave collapse to its target, for example a retarded wave send out
from the emitter collapses to its absorber, an advanced wave sent from absorber
collapses to its emitter. For this kind collapse process none can offer a math-
ematical equation to describe it. It is a guess even cannot be mathematically
formulated.

A deadliness problem for the concept of wave function collapse is that if
there are a few partition boards with a hole on it, between the emitter and the
absorber, it is clear that light can go through these holes from the emitter to
the absorber. However according to the concept of wave function collapse, the
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Figure 5: There is a emitter and absorber. Between the emitter and the absorber
there are a few partition boards. On the partition boards there is a hole for
each board to allow light to go through. This figure shows the retarded wave
collapse on each hole. Red line is the retarded wave. Blue line is the process
of the collapsed wave. The retarded wave collapse on holes of each partition
board. In the end the wave collapses at the absorber. This is unbelievable.

wave has to collapse at each hole so that the light can go through these holes
on the partition boards and to reach the target which is the absorber. Even we
can accept that the wave collapse to its target, i.e. the absorber, we are still
difficult to accept that the wave collapse at each holes on the partition boards.
See Figure 5.

In other hand, the mutual energy flow can go through this holes without
problem. The self energy flow can easily time-reversal return to its source. See
Figure 6.

We have mentioned there is a power over estimation for a system with N
charges. This over estimation suggest us that there should be no any contribu-
tion to the energy transfer by self-energy flow. If self-energy flow is collapse to
its target, then it is clear the self-energy flow will play a role for the transfer of
the energy. However the mutual energy theorem guarantees that the mutual en-
ergy flow just transfer a package of energy for one photon. This also suggest the
self-energy should not collapse to its target to contribute additional energy. It
should collapse to its source. This kind of wave function collapse is actually not
a collapse process, it is referred as time-reversal process. Time-reversal process
satisfy time-reversal Maxwell equations instead of the Maxwell equations.
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Figure 6: There is a emitter and absorber. Between the emitter and the absorber
there are a few partition boards. On the partition board there is a hole to
allow light to go through. The self energy flow can go through this system and
time-reversal return to its source. This figure shows that the retarded wave
time-reversal return to the emitter. Red line is the retarded wave. Blue line is
the time-reversal wave which can time-reversal return to the emitter.

9.2 It looks like a collapse process when combining the
mutual energy flow and self-energy flow

Assume the emitter sends the retarded wave to the absorber. The absorber
sends the advanced wave to the emitter. This two waves have two self-energy
flows. They also produce one mutual energy flow. The mutual energy flow is
responsible to transfer the energy from emitter to the absorber. The self-energy
flows are returned through the time-reversal processes. The above described
processes together function exactly like a wave function collapse process. The
energy now is sent from emitter to the absorber. It looks like the energy is
collapsed to the absorber. There is no any energy send to the whole space. The
energy is sent from a point (the emitter) to another point (absorber).

Hence the wave function collapse can be implemented by the two processes:
one is the energy is transferred through the mutual energy flow, another one is
all self-energy flows are returned by the time-reversal processes.
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10 Mutual energy flow interpretation for quan-
tum mechanics

10.1 Race situation

There are situation in which perhaps two advanced waves match one retarded
wave. Or two retarded waves match one advanced wave. This is a race situation.
Race situation happens also in the computer software technology. There are
situations where two threads try to write something to a same memory element.
One of solution to this race situation is that the two threads work are all revoked.
The author believe the race process for the waves are the same. If the race case
happens, the two mutual energy flows are time-reversal returned through two
time-reversal mutual energy flows. In this time the time-reversal process will
also bring the mutual energy flow back. If absorber receive a whole photon
energy package, this photon energy will be locked by the absorber and do not
allow it to be time-reversal returned. The electron charge in the absorber will
spring from a lower energy level to a higher energy level. If it received only a
half photon energy package, this half photon has to be time-reversal returned.

10.2 The photon as a whole energy package, it is possible
doesn’t time-reversal return

If a whole photon has been sent with the mutual energy flow from the emitter to
the absorber, the author believe this energy has been captured by the absorber
and does not allow this energy to be time-reversal returned.

We have said that the self-energy flow for the retarded wave and advanced
wave after the mutual energy flow is sent from the emitter to the absorber, they
time-reversal returned. If this time-reversal waves are interfered with each other,
it will produced also their mutual energy, which will make the normal mutual
energy flow time-reversal return to its emitter. This situation is not what we
wanted, hence we assume that if the photon has be sent from emitter to the
absorber, then it is possible that the two time-reversal waves corresponding to
retarded wave and the advanced wave do not interfere with each other and hence
do not produce any mutual energy flow for the time-reversal waves.

In the half-photon race situation we allow the time-reversal waves interfere
each other to produce the time-reversal mutual energy flow which brings the
half photon energy package back to its source. In the situation there is no race,
the two time-reversal waves should not interfere and should not bring the whole
photon energy package back. We know the mutual energy flow theorem, the
corresponding mutual energy theorem for the time-reversal waves are flowing,

- 70 [0

t=—oc0 Vi

= (51755)
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/OO /// (B, - J')dV (160)

t=—oc0 Vs

The mutual energy flow of the time-reversal wave can vanish through change
the time-reversal returned current J’; # 0 and J’5 # 0 hence the following
formula is established.

J,=0 (161)

7 ///(153 LTV =0 (162)

t=—o0 Vs

5 = 0 means the electron charge in the absorber spring to the higher energy
level, but does not spring back to the original energy level. If it spring back then
J’s # 0. Hence the mutual energy flow for the time-reversal wave is possible do
not carry any energy. In case the whole package of photon energy is sent from
the emitter to the absorber, this energy has been captured by the absorber, the
absorber will not allow the energy time-reversal to return to the emitter.

10.3 The mutual energy flow interpretation

The theory about the mutual energy and self-energy principle can be applied
to build a interpretation for quantum mechanics. It is referred as the mutual
energy flow interpretation.

The mutual energy flow interpretation can be seen as a upgraded version of
the transactional interpretation of John Cramer. Because both interpretation
need advanced waves and retarded waves. A major attack to the transactional
interpretation is that it cannot offer a explanation about how to solve the above
race situation. The transactional interpretation cannot tell us why only one
confirming wave only respond the offering wave. The mutual energy flow inter-
pretation did not has this problem. In the race situation, for example the two
absorbers all obtained half photon energy, this energy not enough to allow the
electron in the absorber to spring to a higher level. The half photon mutual
energy received by the absorber will time-reversal return to its source. In this
case the current J, # 0, which will allow to produced a time-reversal mutual
energy flow, which will balance out the original mutual energy flow.

Figure 7 shows the situation if race happens. Assume in the beginning no
absorber obtains a enough energy to allow the electron to spring to a higher level.
The energy will return to the emitter. This return process is through the time-
reversal mutual energy flow. The energy will be resent from the emitter to the
absorbers again. We assume that the two closed absorber the one have received
more energy will win, hence the one with less energy will lose their energy. The
winner will obtain all the energy includes it’s energy and the neighbor’s energy.
This way the energy eventually flows from many absorbers to only one absorber.
This absorber is the final winner, the electron charge inside this absorber will
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Figure 7: This figure shows it is possible in the beginning that the energy of the
retarded wave is sent to a few absorbers. However since the absorber received
energy is not enough to bring the electron inside the absorber to spring to a
higher level, the energy is time-reversal returned to the emitter, from emitter it
is resent out and can be received by another absorber. This looks like the energy
can be flow on the detector screen. We assume the closed two absorber the one
with more energy will win. The one with less energy will lose their energy. The
energy will flow from the loser to the winner. Eventually one absorber win a
whole package of a photon energy. The electron inside this absorber will spring

to the high energy level and locked the energy do not allow it return. This
process looks exactly like a wave function collapse process.
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spring from a lower energy level to a higher energy level and locked the energy
to the higher level do not allow it to return. There is J, = 0. This process
will look very like a wave function collapse process. Hence, the author’s mutual
energy flow theory with 4 waves and 6 energy flows offers a function similar to
the wave function collapse. But here, actually, there is no any wave function
collapse. All wave are either satisfy the Maxwell equations or time-reversal
Maxwell equations, they together worked with the mutual energy principle and
self-energy principle.

10.4 The interpretation about the probability in quantum
mechanics

We know that in quantum mechanics the probability of the photon or other
particle appearing in the target screen is equal to the square of the absolute
value of the amplitude of wave function, i.e.,

P(x) = |¢(x)[? (163)

where P(x) is the probability intensity function. ¢ (x) is the wave function. For
photon, ¥ (x) can be seen as the vector potential and scale potential (A(x), ¢(x))
or it can be seen as £ = (E(x), H(x)).

According to the mutual energy theorem Eq.(160), the absorber current Jo
can obtained the energy is,

Q2 = /OO///(El-Jz)dV (164)

t=—o00 V;

Which is in direct proportion to E1(x3). The author assume the current Jo(x2)
will be also direct proportion to E;(x2). Hence, we have,
JQ(ZEQ) :0E1(£B2) (165)

where o is a electric conductivity constant. Hence, the mutual energy flow is

Qs = 7 /// (E1(x2,1) - 0B (22, t))dVdt (166)

t=—o0 Vs

If we need to find the corresponding formula in Fourier domain, we have to
extended the above formula to a form of correlation,

Qa(r) = 7 /// (Bx(wa,t + 1) - 0 B (o, £))dV dt (167)

t=—0o0 Vs

In the correlation formula, if 7 = 0, we can obtained the Q2 (x2). Make a Fourier
transform to the above formula we have,
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Q2(w) = [|[ (Br(e2,0) - Bi(ea)av
\%

:a// | By (g, w)|2dV (168)
Vs

From this we can define the photon’s mutual energy intensity as the integrand
of the above equation, hence the energy intensity is,

q(x3,0) = 0| B (22, w)[* (169)
This is the reason that the probability become,

P(x2) o< | By (2, w)[” (170)

wherex means “direct proportion to”.

But the photon’s appear proportion to the energy intensity function still need
to discussion more. The energy distribution function only tells that region how
fast the energy can be absorbed. If the energy intensity is large, the absorber
in that point can get energy quickly. But if we adjust the source energy to
very low level hence only one photon appear in a time. If there is only one
pair of the emitter and the absorber are synchronized, the probability is only
decided by the time of random movement of all absorber. That means if the
absorber is just synchronized with the emitter, it will obtained the photon. In
this case the appearance of the probability of the photon will not related to the
received energy intensity |E;(x2,w)|?. The probability will near a constant to
all directions. This is a uniform distribution.

In order the appearance probability of the photon is direct proportion to
energy intensity function, that need the energy is received by a region instead
of only one or two location. The energy received in the some region must flow
to a point in that region. Hence if the energy intensity is higher, the region will
quickly contribute a photon. Hence that region will have the high probability
for the photon to appear. The last sub-section we have discussion the possibility
that the energy can be flow from surrounding place to one point by a “collapse”
process. This collapse process is not a really a collapse, the energy actually is
returned to its source by time-reversal mutual energy flow. The energy is recent
by the source, this energy is re-received by a nearby absorber. We assume some
reason this energy have some tension which will force them to be concentrated.
This is energy tension very similar to the oil drop, even the oil is spilled to a
region, the oil drop is concentrated to one point because of the tension in it.

Hence the synchronization process is only offer the photo appear randomly.
But the collapse function in the whole region can guarantee the photon appear
to proportion to the energy density function.

This also closed the debate about what is the probability in the quantum
mechanics. Some people claim the wave function is the real energy function,
some claim it is a probability function. Now we are clear the wave function

a8



is a energy density function, but the point where a absorber will receive the
energy is a random point with the appearance probability direct proportion to
the energy density of the retarded wave. This energy density is the absorption
energy density which is equal to the mutual energy flow energy density.

In the above we have only discussion the case where the probability density
or energy density density is continual. In case of the absorption is not continual
but discrete, we will assume that the energy flow only flow or collapse on the
same energy level. This will guarantee if that energy level the density is higher,
that energy level will obtains higher probability of the appearance of the photon.

11 The correct way for defining the electromag-
netic field and the superposition principle

In the above we have said superposition principle has the problem, it should
be replaced by the mutual energy principle. This section we should make clear
what is wrong with superposition principle and how to correct it, these also
involve the problem how to define the electric field and magnetic field.

Assume there is a electric charge ¢1, it is at the position x;. In the position
o there is a test charge go. In order to make superposition principle to work,
first we should define what is the field. We know that the electric field is defined
as the force divided the charge amount of the test charge g. The force on the
test charge is

r
F(xy,@5) = kqu]zﬁ (171)
where k is a constant, r = &3 — x1 7 = ||r||, we define the field as
F
Bler,ag) = T2 (172)
2

Where F'(x1,22) is the force of the charge ¢, applied to the charge ¢g2. E(x1,22)
is the field of charge ¢; applied to the charge go. We said the field at the position
xo IS
T

E(wl,wg) = kqlrf3 (173)
Now, the question is this result correct? Of cause No! It is only correct if the the
test charge is there. If the test charge g is removed from the space, who knows
that the field is still E(xq,z2) = F(ml’”) ? The electric field is not defied, if the
g2 is removed. According to the Maxwell field theory this field is a real field,
it exist. According the theory of action-at-a-distance [28, 10, 30], the absorber
theory of Wheeler and Feynman [1][2], the author’s mutual energy principle,
since a action and a reaction must take place at least with two charges, if the
test charge is removed the action and reaction is also disappeared. Hence the
field can not be correctly defined in this case.
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Hence the field must defined on a charge. Assume there are currents J; and
Jo. If we need to know the field at the place of J». This field can be superposed,
hence we have,

E(x2) :///G(ml,mg)Jl(ml)dV (174)
Vi

Here E(xs) only defined on the region Vs, @o ¢ V;.V5 is the region for Jo # 0.
Here G(x1,x2) is the green function. However, if we need to know the field
inside the V; , for example x € V;

E(x) = lim // G(x1,x)J1(x1)dV (175)

re—0
Vi—e
where € V3. We have to make a hole € at the position . The radio of the
hole is 7., The field is the contribution of all other charges without the charge
at . The field can only be defined on the place there is a charge. Here G(x, x2)
is the green function.

One thing is G(x,x) is with infinity divergence. It take a hole € is easy
accept. But normally we will think outside the region V7, the electric field at
any position x5 can be written as Eq.(174) even Js do not exist. This is wrong.
The field definition is only correct on the charges or current distribution.

Hence superposition principle is established only on the place where is a
charge or current. Hence the total field can be defined as following,

E(z) = [E(z1,z), E(x2, ), ......, E(xN, )] (176)

Where x is at any position, where there is no charge. The flowing definition of

field,
N

E(x) =) E(z;,x) (177)
j=1
We have shown that is will over estimate the energy from the above formula.
If there is a charge in the position x; there is the following superposition
formula,

N
E(x)= Y E(z; ) (178)
Jj=1,j#=i

The above is still Ok. Hence if there are N charges, in any place with the charge
the superposed field is always the superposition of other NV — 1 charge. If in the
place without charge we applied the Eq.(176) as the definition of the field with
N charges. If N is small for example N = 2. There is only 2 charges, hence,
calculate Eq.(178) only use one charge, but Eq.(177) use 2 charges to calculate
fields. In the case of two charge, there is big difference between Eq.(177) and

Eq.(178).
In the future we still can apply Eq.(178) to calculate the field on the charges.
We can use Eq.(178) to define the field at any place without charge. In this place
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even the charge cannot be superposed, we still can calculate energy with mutual
energy principle in which the sigma sign Z;V:Lﬁg:i is appear.

The reason the superposition principle of Eq.(177) is wrong, is it lead the
wrong system power,

Mz

Py

i=1

E(xj,x;) I, (179)

<.
I
—

The correct power is,

Mz

-y

i=1 j

I
-

JF#L

And the superposition principle also lead to the wrong energy flow in Poynting

equation,
s

i=1

E; x H;)-adl

i

///ZN i )dv
v =1 j=1
+/// 3 EN (E;-0D; + H; -0B;)dV (181)
v =1 g=1

The correct formula should be,

—#i i\’: E; x H;) - ndl'

i=1 j=1,j#i

///ZZEJ

=1 j=1,j%#i

///Z Z E;-0D; + H;-9Bj;)dV (182)

i=1 j=1,5%#1¢

Hence for the place there is no any charge, the field cannot be superposed it will
be written as Eq.(176), we can only calculate the energy from the above mutual
energy formula.

Summary the field can be defined as following,

o) — [E(xy,x), E(xs,x),....., E(xy,x)] ¢ X
) {Z;V_Lj;éi E(z;,x) r=x,€X
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where X is the set of x1,z9...2y, which is the position of electric charges.
Similar we define the magnetic field as,

H(x>:{[H(m1,m),H(x2,m), ...... H(zy,2)] z¢X (180

Zj‘vzl,jyéi H(z;,x) r=x,€X

For the radiation filed, if z € V1,

= lim // Go(@1, @) T ()dV (185)

V1 €

hm ///GH xy, )1 (x)dV (186)

V1 €

Where Gg(x;, ) and Gy (x;, x) are Green function for the radiation filed of
charge at the position x;.r is the small sphere region, the radius is r.. Here the
green function is possible as retarded field or advanced field depending if it is
emitter or absorber. However in the practice problem the emitters are separated
with absorbers. For example the absorber are all at the infinite big sphere.

If o ¢ V7, it still can define the field as, following,

_ // Col@1, )T (z1)dV (187)
Vi

= // Gy(x1,x)J1(x1)dV (188)
1%

But we should notice, this is not a real field, it is only the field in case there
is a charge at the position . We cannot apply this field to calculate related
energy, energy flow relating to Poynting vector and Poynting theorem. It can be
applied to calculate the mutual energy items and mutual energy flow in mutual
energy theorem.

This is also the reason the author claim that there is a bug in Poynting
theorem. It is clear the Poynting theorem cannot be proved by the mutual
energy principle. If we have use the mutual energy principle as axiom of the
electromagnetic field theory. Poynting theorem should be rule out. At least
know the problem of Poynting theorem. Let us looks the following mutual
energy theorem,

///E2 JdVdt =Q = / //E1 JodVdt

t=—o0 V1 t=—00 V2

E, is calculated at the position V7, where is outside of the position the current
J o, which is V5. In the position z; € V;, F5 is calculated by a supposition on
V5, that is no any problem, because V5 is outside of V7.
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It is same E; is calculated at V5 which is at outside of the position of V.
The superposition on Vito get Fy is also no problem. About the mutual energy
flow,

Q:(€17§2): '(ElXH2+E2XH1)'ﬁdth
t——/oo-i‘#

It can be calculate outside Viand V5. T' is a surface between V5 and V5. We
have side that the field can be defined only if there is a charge. Actually the
field is also can be defined outside the region where there is a charge. In the
above situation the field can be defined also on the place of I' which is outside
of the charge place V7, V5. The point is in the above formula we calculate the
mutual energy, instead of the Poynting energy.

Hence, the point is superposition is not correct, If in a space « there is no
any charge, you calculate the field of this position according to the superposition
principle, and then calculate the energy according the Poynting theorem, you
got a wrong result.

In other hand if you use mutual energy principle to calculate the energy in
the space, the superposition principle can still be used. Actually when you use
superposition principle and mutual energy theorem to calculate energy, actually
you have applied the self-energy principle and mutual energy principle which
guarantees you get a correct energy result.

Since we have the self-energy principle, the superposition is correct again, the
place the field can be correct defined is the place exclude all charge positions. In

the place outside of all charge positions the mutual energy can still be corrected
defined.

12 How macroscopic wave is produced by infinite
particle-wave of photons?

Assume macroscopic wave for example the wireless wave which is still satisfied
the Maxwell equation very good. The theory of the mutual energy principle and
the self-energy principle actually offers a theory of particle-wave for photon. It
can very good described the energy conservation and moment conservation of
the photon. However we will ask whether or not this particle wave for the
photon can support the macroscopic wave of the Maxwell equations? If there is
supposition principle, the answer is clear, yes. However from last a few sections
we have known that the superposition principle is not an accurate principle.
Superposition principle with SCMEQ conflict with energy conservation law.
Superposition is only can be done is some situations.

The author believe the wrong is ether at the supposition principle or at the
SCMEQ. Later we have proved SCMEQ is at least partially correct (in the time
the retarded wave and the advanced wave are synchronized). Hence the only
possible wrong is at the superposition principle. Superposition can be done only
at the place where there is a charge or an absorber. And in the place of charge,
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or absorber the field contribution of that charge must take a way. This correct
definition is quit different with the tradition way of definition for superposition.
Hence we cannot directly obtained the Macroscopic wave equations by using the
superposition.

If superposition principle is wrong we cannot obtained MCMEQ from SCMEQ
easily. However we know that in the low frequency bound for example in the
wireless frequency bound the theory of Maxwell equation is still very good which
has been successfully applied for thousands applications. Now the axioms of the
the author’s new electromagnetic theory are the mutual energy principle and
the self-energy principle, we have to prove the MCMEQ from the the mutual
energy principle and self-energy principle. And we must avoid to apply the
superposition principle.

We also said that the mutual energy principle and self-mutual energy prin-
ciple are equation for photon, hence our task is build macroscopic wave from
the waves of infinite more photons. This is a process to build macroscopic law
from the microscopic law.

Assume the absorbers are uniformed distribute at the infinite big sphere.
The absorbers sends the advanced wave which can be described as,

N

E; =) By (189)
=1
N

Hy =) Hy (190)
1=1

Here we have superposed the advanced fields, this field is acted at the emitter.
Here emitter will play the role of test charge. The contribution by the absorber
to the place at the emitter can be superposed. It should be noticed, that in the
place of emitter, there is a charge, we have said if there is a charge, the field still
can be superposed. Especially we superpose the field &5 which are at outside of
the region V5, this field will have not the problem to be superposed.

Assume the emitter is sited at the center of the infinite big sphere. We take
this center as the origin of the coordinates. The retarded field are E;. Assume
J1 is the current of the emitter. Jo; are the source of absorber. The mutual
energy principle for this system can be written as,

—ﬂ(El XHQZ'“FEQZ' X Hl)fld].—‘:///(EmJl—f—ElJQl)dV
14

T
+///(E18D21+E218D1+H18B21+H21(‘)Bl)dv (191)
Vv

Consider the superposition principle is still OK for there is the charges. In
this situation the test charge is the emitter. Because there is the emitter the
superposed field is OK.
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—#(El XH2+E2XH1)ﬁdF:W(E2J1+E1Jg)dv
\%4

T
+///(E18D2+E28D1+H18B2+H28B1)dv (192)
14

Where & = [Eq, H5| are given by the Eq.(189,190). For the above formula the
volume V can be arbitrary. We take the V' as the V;, the above equation can
be rewritten as,

—#(E1XH2+E2XH1)"deFZ// EQJldV
Vi

r
+///(E1-6D2+E2-8D1 Y H, 0By + H, -9B))dV  (193)
Vi

where I'; is the boundary of the V;. Since E5 is from all direction it is should
be looks like E1, hence we can assume

Es = kE, (194)

H, = kH, (195)

Substitute the above equation to

—k#(E1XH1+E1 XHl)ﬁdF:kﬂ ElJldV
Fl Vl

+k ///(E1 0D+ Ey-0D1+ Hy - 0By + H; - 0B1)dV (196)
Vi

We have found that k£ has no any effect to the above formula, because it will
take place in the two side of the equal sign. Or,

—2#E1XH1ﬁdF:ﬂ E1J1dV
Ty Vi

+2 /// (Ey-0D; + Hy - 9B1)dV (197)
Vi

We find this is very close the to the Poynting theorem. The only different is the
fact of 2. This fact come because we have made some wrong in some where.
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12.1 Found the reason the fact 2 can be take away

There are few reasons this fact 2 can be take away.

(1) E; in the Eq.(193) has some difference compare to E; in Eq.(197). E;
is a field has single point at the charge ¢; position x;. E; has different direction
at the charge ¢;. In other hand, E5 has no any single point at x;, it is same
have only one direction at x1. Hence, E; cannot act fully at the current J;. It
is possible that the value,

[/El'JldV<// E,-J.dV
V1 Vl

This lead us when use [[f,, Eq - J1dV to replace [[[,, Eo - J1dV, we need to

use,
//EledV<:2// E,-J.dV
Vl Vl

This way we will obtain the fact 2. The formula Eq.(197) should be replaced

as,
7#_5]1 XHlﬁdF://H E1 JldV
T Vi

+///(E1 9D, + H, - 9B1)dV (198)
Vi

Which is the Poynting theorem.
(2) First we find for mutual energy principle Eq.(191) the shape of the vector

Si12i = E1 x Hy; + Ey; x Hy (199)
is different with the Poynting vector

S=E1 XHl (200)

The shape of S is close to a uniformed distribution at all directions. But S1s;
has maximum at the direction of the absorber “27”. And has minimum at the
direction of the opposite direction. Hence, I guess that the two items E; X
Hs, + E5; x Hq of the mutual energy only equal one items of Poynting vector
S = E,; x Hy, We mean,

#(El XHl)ﬁdF<:#(E1 X Ho; + Eoy; XHl)’deF (201)
Fl 1_‘1

From this we can obtained the the fact 2. In the above discussion we have not
consider this. If we consider this, the problem of fact 2 is gone.
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It is similar, there should be,
FE, - 0D,+H;-0B; « (E1 -0Dg; +FE9;- 0D+ H; ~3B21+H2i~831) (202)

hence we have times % to left side of formula Eq.(197), hence we have,

—#El XHlﬁdF:/ ElJldV
I Vi

+///(E1.3D1+H1~6Bl)dv (203)
i

This is Poynting theorem.
(3) We have made a wrong calculation of the field,
The correction should be

1
Elnew = §E1 (204)

Substitute this to Eq.(197) we have,

_#Elnew X Hlnew ~hdl = // Elnew : JldV
Fl Vl

+ ///(Elnew : aDlnew + Hlnew : aBlnew)dV (205)
Vi

Equation Eq(204) is sames as the half potential defined in the Wheeler-
Feynman absorber theory[1].

In the subsection 10.4 we have know that the Maxwell equation is still correct
in the sense of probability. If it correct in probability, the Poynting theorem
should also correct in the sense of probability. If there are more absorbers,
the absorbers are full distribute at the infinite big sphere, then the Maxwell
equation and Poynting theorem will be established. In the above 3 guesses (1),
(2) and (3), the author fell the (3) is more correct.

12.2 Consider if J; is a distribution instead of only one
charge

It is noticed that for this Poynting theorem we need the absorber. And the
absorbers must be uniformed distributed at the infinite big sphere. We have
proved the Poynting theorem in which the emitter source is at the center of the
infinite big sphere. We can also prove that even The current J; is distribute in
a region V; close to the origin. In this situation the Poynting theorem is also
established.

The reason is that we know that the mutual energy theorem is established
to,
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—ﬂ(Elj X H2i+E2i X Hlj) ﬁdFZ/ E21‘~J1jdv
Fl Vl

+ M(Elj -0Dy; + E5; - 8D1j +H,- 0By + Hsy; - 8Blj)dV (206)
1%

Since J; is inside V1, Jo; is at inside of V5. For this situation the field Eq; can
be superposed.

N

E, = Z Ey; (207)
=1
N

H,=)» Hy (208)
1=1

We obtained the mutual energy principle.

—ﬂ(El X Hy; + Eg; ><H1)~deF:///(Egi-Jl—i—Engi)dV
r \4

+///(E1~8D2i+E2i~8D1+H1-8B2i+Hgi-8B1)dV (209)
14

Similar as before we obtained the Poynting theorem Eq.(206).

12.3 Proving Poynting theory in wave guide

In the wave guide, the electromagnetic field is one dimension. In the traditional
electromagnetic field theory we only assume that the electromagnetic field is
produced by transmitter in the wave guide. In the author’s new theory the
receiver inside the the wave guide will also produce electromagnetic field. The
transmitter will produce the retarded field, the receiver will produce the ad-
vanced field. Since in the wave guide the electromagnetic field is one dimension,
it is not attenuated. In this situation the advanced field is exactly same as
the retarded wave. Both retarded wave and advanced wave each has half the
traditional field. Please see 8.

1

By =E;=E (210)
1

H =H,=H (211)

where E,H are traditional electromagnetic fields. FE;, H; are the retarded
wave. FEo, H5 are the advanced wave.
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Figure 8: This is a wave guide, in the left end, there is a transmitter. In the
right end there is a receiver. V; is the volume of the current J;. We take a close
surface surrounding the volume V;. Since the electric field on the wave guide
wall are 0. The only non-zero surface is at the front of the volume V;.See the
red line. The surface integral is nonzero only on the front of the V3.

In the wave guide if we take a close surface include the transmitter, since
the electric field are 0 at the wall of the wave guide. The electric field nonzero
only on the front of the transmitter, hence the Poynting theorem tell us,

//E x H* - 7dS = é//J1 . E*dS (212)

S

Where Vi is the volume of the transmitter. S is the surface in front of the
transmitter inside the wave guide. J; is the current on the volume Vi, E; is
the traditional electric field inside the wave guide. 7 is normal vector of the
surface S. We the surface S is hugged on volume Vi, hence we do not need to
consider the saved energy in the volume V;.

If we apply the mutual energy theorem to the transmitter V3, we obtained,

///J1 L E2dS = //(E1 « HY + B% x Hy)-0dS (213)
\%1 S
1 oo ([1 1o 1,01 N
Vi S

//Jl E*dS = ER//(E x H*) - hdS (215)
S1 S

Where R is taken the real part of a complex number. The real part of the above
formula is same as the Poynting theorem Eq.(212).

or

or
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12.4 The Maxwell equations should also be established in
Macroscopic situation

If the Poynting theorem for the macroscopic wave is established. We can say
that the Maxwell equation of macroscopic situation also should be established.
The reason is we can derived the Poynting theorem from the Maxwell equation.
Hence if we would to find solution of Poynting theorem, the solution of Maxwell
equations are the solution of Poynting theorem. We cannot prove the Maxwell
equations from the Poynting theorem. However we can derive from Poynting
theorem the mutual energy theorem. From mutual energy theorem we can got
the Green function solution of the Maxwell equations. From all the solution of
the Maxwell equations we can obtained the Maxwell equations inductively.
In this section all the proof are only in spiritual, it is not strictness.

13 Different superpositions

There are different superposition. For example if 2 identical wave are super-
posed, two waves in double slits, a photon’s waves which are one retarded wave
and one advanced wave.

(1) Tow identical retarded wave are superposed. For example there are
two transmitting wireless antennas. Each antenna has a fixed current. In this
situation we assume that the sources are exact same and are put in the same
place. This is the case 1 +1 — 4, here 1+ 1 means there two identical fields are
superposed. — 4 means the power of the superposed field are 4 times larger as
if one wave along.

In this situation, the superposed field are

E=E + B, (216)

H = H, + H, (217)

The Poynting vector are

EXH:(E1+E2)X(H1+H2)

:E1XH1+E2XH2+E1XH2+E2XH1 (218)

Where E; x Hy + E5 X Hy is corresponding to two self-energy items. Fo X Ho +
FE, x Hy corresponding the mutual energy items. In the above most time we
are talk about the mutual energy, the mutual energy flow of a retarded wave
and an advanced wave. But the mutual energy, mutual energy flow also can
be for two retarded waves and also two advanced waves. We assume this two
sources are macroscopic waves, since in this case the Poynting theorem still can
be established with the condition there exist infinite absorbers on the infinite
big sphere.
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- zﬂ(Ei « H,) - il = é//(Ei LTV

+///(Ei 0D, + H; - 0B;)dV i=1,2 (219)
\%

Since i — 1,2, This contributed 2 times of power.
The mutual energy part of energy are:

_ﬂ(El XH2+E2 XHl)’ﬁ,dF

:///(El-J2+E2~J1)dV

+///(E18D2+H2831+E23D1+H1832)dv (220)
1%
Since the two fields are identical, the above formula can be written as,

—2 ﬁf(E1 x H1) - fdl

r
—Q/V//(E1~J1)dV

+2 ///(E1 0Dy + Hy - 9B,)dV (221)
1%

This part also offers also 2 times of power. The total power include the self-
energy flows are 4 times large. The reason power output are 4 times are because
the field F; also act at the source Jg, see the item F - J5. Which will force
the antenna 2 supply 1 times more power. Similarly in the the antenna 1 also
supply double power. Together the two antenna supply 4 times more power as
one antenna.

Actually, it is very clear, even there is only one antenna, if we double the
current, the power will be 4 times large, since the output resistant are fixed.
We know the output resistant is only dependent to the shape of the antenna.

(2) 1+1 — 2 If same as the above situation but the two sources (two wireless
antennas) are separated with a distance. In this situation the coupling of two
antenna are decreased, if

///(E1 Jy+ Ey-J1)dV =0 (222)
Vv
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then

#(E1XH2+E2XH1)'ﬁdF%O (223)
r
In this situation, the two antenna have the output power only two times as one
antenna working alone.

For example if our antenna has sharp directivity diagram, for example it
is microwave plate antenna, even they are separated only a short distance, the
coupling of the two antenna or beam are close to 0. It is similar as two laser
beams, since the laser beam has very sharp directivity diagram. The two laser
beam sources are only separate 1 millimeter, but actually they are separate
thousand wave lengths. They are well separated. The sources has not coupling
together. The source cannot offer more power through the coupling items:
[[J,(Ey-J2+ Ey - J1)dV. In this case there is only 1+1 = 2.

(3) 1+ 1 — 1 There is a retarded wave sent from emitter and there is a
advanced wave send from absorber. Assume the retarded wave and the ad-
vanced wave are superposed and the mutual energy are produced from this
superposition. According to the self-energy principle that the two self-energy
flows are returned through the two time-reverse processes which do not satisfies
Maxwell equations but satisfies the time-reversal Maxwell equations. Hence the
self-energy flow do not have any contributions for the energy transferring from
the emitter to the absorber. The energy transfer from emitter to the absorber
is only been done by the mutual energy flow. The mutual energy flow is re-
sponsible to send the energy of one photon from the emitter to the absorber.
After the mutual energy flow sending the energy from emitter to the absorber,
the self-energy flow for the retarded wave returns from the whole space back to
the emitter. The self-energy flow for the advanced wave returns from the whole
space back to the absorber. Self-energy flow do not involved in the energy trans-
fer. The part of energy in the retarded wave which is received by the absorber
is one photon. The absorber received only one photon. We can written this as
1+ 1 — 1, this means one retarded wave plus one advanced wave equal to one
photon. It is not a process withl +1 —-4or14+1—2but 1+ 1 — 1.

3)1+1—0

The superposition of the wave and its corresponding time-reversal wave are
thoroughly balance out or canceled, which means that 1 +1 — 0. The total
energy flow after the superposition is 0 for this situation.

14 Reciprocity theorem

14.1 The mutual energy theorem can be used as reci-
procity theorem

We have know the mutual energy theorem can be written as,

—(11,82) = (§1,&2) = (&1, 72) (224)
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§1=Mn (225)
§2 = Moo (226)

—(11, Mams) = (&1,&2) = (Mi71,T2) (227)

When we use this theorem as reciprocity theorem, we will make conjugate
transform to all the fields that means

C& = C(Mim) (228)
Cé& = C(Mam) (229)

In this article the conjugate transform is introduced by subsection 7.5.

—(CTl,CMQTQ) = (Cﬁl, Cﬁg) = (CMlch, CTQ) (230)

or

(MaTo,71) = (§2,&1) = — (72, M1T1) (231)

The author did not make the calculation to prove the last step. But this is
clear, in the beginning the antenna 1 is transmitting antenna, the antenna 2 is
receiving antenna. After make all Conjugate transform, the antenna 2 become
the transmitting antenna, the antenna 1 become the receiving antenna. In the
above theorem minus sign means the system offering power like electric source.
Positive sign means the system use power like the resistance or load. Hence,
original in the left side of formula 71 is a electric source, 75 is a load see Eq.(224),
after the conjugate transform 75 become the source, 71 become the load, see
Eq.(231).

This is also the reason that the Welch[31] and de hoop[8] all call this theorem
as some kind of reciprocity theorem.

14.2 Lorentz reciprocity theorem

If we make a Conjugate transform to the antenna 2. The equation Eq.(224)
becomes

—(11,C&) = (§1,C&) = (&,C12) (232)

// Eo(w) - J1 (w)dV = // Er(w) - Jo(w)dV (233)
Vi Vo

It should make clear here, after the conjugate transform to the antenna 2, we
obtained the Lorentz reciprocity theorem [3, 4, 5]. Lorentz reciprocity sat-
isfy Maxwell equations but it does not satisfy the mutual energy principle. In
Lorentz reciprocity theorem the two electric fields are all retarded waves, we
have said that the mutual energy principle need the two fields one is retarded
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wave and another is advanced wave. Lorentz reciprocity theorem do not satisfy
the mutual energy principle but satisfy the Maxwell equations, it still not a
physical formula. Lorentz theorem does not describe any energy flow or real
physical amount.

Lorentz reciprocity theorem satisfy Maxwell equations but it still not physi-
cal equations, also tell us, Maxwell equation is not a physical equation, the real
physical equation is the mutual energy principle. Hence up to now we are clear
that the mutual energy theorem are real physical theorem, but Lorentz theorem
is only mathematical theorem which can be applied to calculate the directivity
diagram. Lorentz reciprocity theorem can obtained correct directivity diagram
actually is also because the directivity diagram can be calculated by the mutual
energy theorem. Since Lorentz reciprocity theorem can obtained same directiv-
ity diagram with the mutual energy theorem, hence we can apply the Lorentz
reciprocity theorem to calculate the directivity diagram.

We also know that in order to obtained the mutual energy theorem or Lorentz
reciprocity theorem we all need to prove that the surface integral on a infinite
sphere vanishes. In the proof of mutual energy theorem which is because the
two wave one is retarded wave another is advanced wave the two wave cannot
reach the infinite big sphere in the same time. Hence this proof is exactly. In
contrast, the proof for the integral in the Lorentz reciprocity theorem is much
strict. It need is exactly frequency w. But we know normally our signal are
with a frequency bound. Why the Lorentz reciprocity theorem still can obtained
correct directivity diagram? The reason is the mutual energy theorem do not
need the signal has exact frequency, if one is retarded field another is advanced
field that is OK. Since the reciprocity theorem is a transform of the mutual
energy theorem, it can also get correct directivity diagram even the frequency
is not exact.

14.3 The inverse problem

Assume the Lorentz reciprocity theorem is a correct physical theorem, then we
can applied to calculate inverse problem like the following,

El(w) = Ml.]l(o.)) (234)
Ey(w) = MaJ2(w) (235)

Substitute Eq.(234,235) to the Lorentz reciprocity theorem Eq.(233) and con-
sider that the integral can be seen as vector inner product we obtains,

J1(w) 'MQJQ(UJ) :MlEl(w) 'JQ(QJ) (236)
Hence, we can obtained

Jl(w>M2 . Jg(w) = Jg(w)Ml 'J1 (w) (237)
or

J1(w)MyJo(w) = J1(w)ME Ty (w) (238)
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or

J1(w)(My — M) J3(w) =0 (239)

or
My — Ml =0 (240)

or
My = MT (241)

If the antenna J; is known, the two antenna is also know that means the
M, and M; also known, we can try to find Jo(w) to satisfy the above equation.
The question is if we find the solution of Js(w) is the Jo(w) the correct answer?

This author believe it is not. The correct answer to find the current should
be down with the mutual energy theorem instead of the Lorentz reciprocity
theorem. Lorentz reciprocity theorem only can obtained the correct directivity
diagram it cannot be applied for the calculation of current distribution.

In order to obtained the current distribution Js(w), the correct method is to
apply the mutual energy theorem,

,///Jl(w%E;(w)dV: ///J;(w).El(w)dv (242)
Vi v

—Jl(w) . M;Jg(w)* = J;(w) . MlJl(w) (243)

or

or

—J1(w) - M3 Ja(w)" = J1(w)M{ - T5(w) (244)

considering that J;(w) and J2(w) can be arbitrary then we have,

Ji(w) - (M3 + M{")Ja(w)* =0 (245)
or
My + Ml =0 (246)
or
My = —M] (247)
where
M = (M) (248)
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15 Action at a distance

15.1 Energy conservation and momentum conservation

We rewritten the mutual energy theorem as following.

e

t=—oco V;
—Q=
/ ///(E1 - J9)dV (249)
t=—c0 V
Where
Q:#(E1XH2+E2XH1)'ﬁdF (250)
r

Where T' is any complete surface between the volume V; and V. 7 is surface
normal vector, which is chosen at the direction from Vito V. & = (E1, Hq) is
the retarded wave. £ = (E3, H2) is the advanced wave. This formula tell us,
Q@ is not decrease as the field F; which is is decrease according to %, where
r=||lxe — x1]]-
The energy sucked by the advanced wave from the emitter J; is

- 7 /// (Bs-J)) (251)

t=—oc0 Vi

The energy received by the absorber J5 from the retarded wave &, = (Eq, H1)

7 ///(E1 - J2)dV (252)

t=—o00 Vs

The above two energy are equal, The energy received by the absorber equals
the energy sent by the emitter. The energy is sent through the mutual energy
flow, ﬁF(El x Ho+ E5 x Hy)-7dD the time integral of the mutual energy flow
is the mutual energy which are,Q

Q: / #(E1XH2+E2XH1)'ﬁdF (253)

t=—oc0 T’

Hence we say that this model proved that the photon of the mutual energy
flow has the property of energy conservation.

We know that the momentum for the photon is just the energy divided the
speed of light. Because the emitter sends the energy at the direction from emit-
ter to the absorber and the absorber receive the energy also at the direction from
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emitter to the absorber, If energy is conserved in this situation the momentum
is also conserved which is momentum = *.

We know if we only consider the retarded wave, this energy conservation
result cannot realize. Since the retarded wave send energy to the whole space,
the most of energy the energy cannot received by the absorber. To solve this
problem the concept of the wave function collapse is introduced. However even
wave function collapse solved the energy conservation, it still doesn’t solve the
problem of momentum conservation. This is because the retarded wave is sent
to the whole space, in the beginning when the wave is sent out the momentum
is 0. When the photon is received by the absorber there is a momentum come
from the emitter to the absorber, which is nozero. Hence, the momentum is no
conserved.

15.2 The recoil force is done at the time 0
The recoil force of the photon to the emitter is done by,
E,-J, (254)

Since Es is advanced wave, event the action, that is done by E; - Jo which need
a time T from emitter to move to the absorber, but the since the move time
form absorber to emitter by the advanced wave which need a time is —7T, the
total time the emitter obtained the recoil force is at the time,

t=T+(-T)=0 (255)

Hence the recoil force is obtained by the emitter at time ¢ = 0. This means
Even the action of a photon need a time, but the reaction of the photon do
not need a time. The photon is actually is the action and the reaction, but for
the emitter it fell this action has a immediately recoil force. It is same as the
emitter send a bullet out. Hence the emitter will fell there is a photon which is
sent out.

It need to be notice that the force of defined as Es, is only can be used to
calculate the energy FE5 - J1. The direction of the recoil force on the emitter
can only be calculated by the momentum which are

xr
2

ol

P =

o O

#‘(El ><H2+E2><H1)-ﬁdl“

t=— I

Sl

Where the T is a time of a photon in the emitter. P is the momentum. Which is
at the direction from emitter to the absorber. The recoil force can be obtained

as,
1
F=--P
T
Hence, the electric force defined by F is only the electric force. But the recoil
force should be dependent to the direction of —(E, x Hy + Ey x Hy) or —P

which is at opposite direction of x5 — x;.
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15.3 The Third law of Newton

The Third law of Newton has said the action and the reaction is same and the
direction is opposite. Even Newton’s law need the two objects one did the action
another did the reaction, and the two object are closely contacted, but actually
the two object are still separately a distance. In the above we have proved the
recoil force are immediately, and the action and reaction are equal. We have
know for light the energy divided the the speed of light is the momentum. When
we obtained the momentum, use the momentum divided a time, which is action
time T" become the force,

_Freaction =
L [ (Ey - Jy)dV
7o (= 2 J1)dV)
t=—o0 Vi
1 1 7
t=—2 V2
Faction (256)

Where T is enough large, or T — oo. Where F,t;0n is the force act at the
absorber. Fjcqction 1S the recoil force, act at the emitter. Because the above
formula is a remote formula, it can be seen as the extension of the Newton’s
third law. In Newton’s third law, what is the action and reaction, he didn’t give
a clear definition. But here the definition for action and reaction is clear.

Foction and Freaction are two positive scale values. They are force in the
action and reaction direction. The average is done on the time period of 7. The
direction of action and the reaction is in the opposite direction.

Mechanics law of Newton has been explained. Newton third law is that the
force of action and the force of the reaction is equal and in the opposite direction.
This law can be expanded as a remote law. Assume there are two objects which
are separate with a big distance, Assume the first object is the action object
which will implement a action to the second object. Assume here the action
and reaction is through the electromagnetic force. Now in the place of action
object, for example an emitter, the reaction or recoil force is equal to the action
force which is applied to the second object. In the place of the remote object,
the action run from the action object (the emitter) to the reaction object (the
absorber) needs a time T, the action and reaction is equal. The reaction will
send to the action object (emitter) in negative time —7. Hence the reaction
reach the action object at time T'+ (—T") = 0. This means for electromagnetic
force action and reaction even in the remote situation is still established.

The two objects can separated a very big distance. In this case, there still
exist the expanded third law. That is the recoil force (reaction) which is equal
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to the force (action) to the remote object. The direction of the recoil force is in
the opposite direction of the action force.

15.4 The momentum conservation of a photon

It worth to be mention that the action force direction are dependent to the
direction of the mutual energy flow. The mutual energy flow,

(£1,82) = / ﬂ (E1 x Hy+ Ey x Hy) - ndldt (257)

t=—oo0 T
hence, the mixed Poynting vector,
512:E1XH2+E2XH1 (258)

corresponding energy flux intensity. Assume that the surface I' is plane, and
hence, n is a constant vector. Hence we can written,

(&1,&2) = / dt/ (E1 x Hy+ Es x Hy)dl' - 1 (259)
t=—o00
(51752 / dt/ (E1x Hy+ Es x Hqp)dI' - 7 (260)
t——oo
we know that
Ui = //(E1 X Ho+ Eo x Hy)dT - 7 (261)
T

is the energy flux of the mutual energy package. Since we use mutual energy
package to describe photon, this energy flux is also the photon flux,

Energy = / dt/ (E1 x Hy+ Es x Hy)dT' -1 (262)
t=—o0

is corresponding energy of a photon,

Iim,pulse = / dt/ El X H2 + E2 X Hl)d (263)
t—foo

is the corresponding momentum vector P of the photon, this moment is also a
change of the momentum which is equal to the impulse I;ppuise. The emitter
applied to this impulse to the photon.

1
Fforce = 7P (264)
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is the average of force in the time period T %This force is the emitter offers to
the photon (or the mutual energy package), hence the recoil force of the photon
applying to the emitter should be,

T

2
1

Frecoil = _Fforce = _E

_T

t=—3

dt/(El X H2 —|—E2 X Hl)df (265)
T

It is important to notice the mutual energy flow theorem guarantees the
mutual energy flow are equal at any plane between the emitter and the absorber.
This also guarantees the momentum of the photon is same at any surface I'. This
is the reason we can calculate the momentum above with any surface I'. Hence
the mutual energy flow theorem is also a momentum conservation theorem. It
tells us the momentum of photon which described by the mutual energy flow is
not change between the emitter to the absorber.

We know the mutual energy flow is derived from the field theory, however
this field theory can offer a wave (the mutual energy flow) possess the momen-
tum conservation, action force equal to the reaction force and in the opposite
direction, energy conservation, it become a wave looks like a particle. Hence
it can be referred as particle wave. A particle wave is a wave located in a re-
gion, moved like a particle. Hence the mutual energy flow indeed described the
photon.

15.5 Mach’s principle

It is know that Mach principle, the mass of a substance is because the substance
of the whole universe give an action to the substance. March’s principle offers the
reason of the mass of that substance. It is clear this action should be nonlocal so
that the substance in the universe even very far away can acted to the substance.
Here we know at least the recoil action of the remote electromagnetic force can
be immediately and hence nonlocal. This means if we accelerate a substance
with mass m. This substance will produce a action to the substance of the
whole universe. The reaction from the whole universe to this substance with
mass m can be seen as a recoil force. This force will act at the the force try
to accelerate the substance. Hence this recoil force can be seen as the inertia
force. Hence we can fell the substance have a mass. But here the action and
reaction is done by the gravitation force not the electromagnetic force. But we
believe, for the gravitation there should be also some similar mutual energy flow
theorem. Hence this mutual energy theorem can explain the Mach’s principle.

15.6 The field theory vs the action-at-a-distance theory

We know that the concept of field come from the force line of Faraday. Maxwell
has extended this concept as the fields. The field is measured by a test charge.
However the Maxwell extended the concept. Maxwell believe that even the
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charge is removed, the field still exists. From this article, we have shown that is
wrong. The field can only be corrected defined when there is a charge. Actually
the theory of action-at-a-distance [28, 10, 30], the absorber theory [1, 2] debated
this point with Maxwell’s field theory hundred years. The absorber theory
believe that the field is only a bookkeeper for the action, the field has no it’s
own freedom. Hence, only when there are at least two charge the action can
be defined or calculated, and hence the field. The action and reaction is always
take place at least between two charges. The argument even one charge can
send radiation is wrong.

Our mutual energy theorem shows that the theory of the action-at-a-distance
is correct, the field theory make mistake here. However the theory of action-at-
a-distance is much complicate comparing with the field theory. The field theory
is extremely simple. The field theory can be written as differential equations,
which is only with local differential operator. The calculation of one point
of the field can be done only from its neighbor. In contrast the action at a
distance must consider to charges and a space between the two charges. If the
two charges are not in the same coordinate frame, it become very complicated.
Hence even the theory of action-at-a-distance is correct but it cannot win the
field theory. Because, the theory of action-at-a-distance can also derive out
the Maxwell equations, there always the place the calculation can not be done
by the action-at-a-distance, but it can be solved with Maxwell equations and
corresponding theory. According to the above argument, we can say that the
field theory and the action at a distance each win 50%. There is no absolute
winner.

After we derived the theory of mutual energy principle and the self-energy
principle, we find the situation is changed. Fist the mutual energy principle
and self-energy principle is still a field theory. The problem can be solved still
by Maxwell equations and the time-reversal Maxwell equations. Hence the field
theory updated and absorbed all the advantages from the theory of action at-
a-distance. Now for this updated field theory, it does not need to worry about
the wrong concept of fields.

We have said the correct definition of electric field is

E(z) = {[E(CU17$),E($2,CB), ...... JE(xy,x)] ¢ X

Z;V:Lj;ei E(z;, ) r=x,€X

(266)

But even we just consider the field can be superposed any place even where
without a charge as the following,

N
E(x) =Y E(z;,z) (267)

N
H(z) =Y H(z; ) (268)
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When we calculate the energy, we consider the self-energy time-reversal return.
The energy calculation is also the mutual energy principle. This is because, the
Poynting theorem is,

—-V(ExH)=E-J+0B-H+E-0D (269)

Considering the superposition principle we have,

—Z ZV<E1 X Hj)

i=1 j=1

N N N N
=" >"E;-J;+> > 0B;-H;+» Y E; 0D, (270)

=1 j=1 =1 j=1 i=1 j=1

Considering the self-energy principle,

N
- Z V(E, X H,)
i=1
N N N
=Y E;-Ji+) 0B;-H;+)Y E,; 0D, (271)
i=1 i=1 i=1

has no contribution to the energy transfer process, because there is the time-
reversal process which cancel all self-energy items and self-energy flows,. From
the N charge’s Poynting theorem subtract the no contribution items of the
above self-energy formula, we obtained that,

N N
—Z Z V(E,LXHJ)
i=1 j=1,j#i
N N N N N
=>" > E;-J;+) > 0Bi-H;+Y > E;-0D; (212
i=1 j=1,5%#1 i=1 j=1,7#1 i=1 j=1,5#1

We obtained the mutual energy principle, which can be used to calculate the
correct energy. Hence, after we have the self-energy principle, the field can be
superposed, but we should notice the energy calculation, that cannot use the
Poynting theorem with N charges. The energy calculation must consider the
self-energy principle. If we consider the self-energy principle, we can obtained
the correct energy transfer formula. After we have the self-energy principle,
The updated field theory can win the theory of the action-at-a-distance easily.
The updated field theory is the theory with mutual energy principle and self-
energy principle. The updated field theory has absorbed all advantage from the
action-at-a-distance and absorber theory.
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15.7 The recoil force

It need to be clarify about the recoil force of the waves. For a charge of the
emitter, it sent the retarded wave and receive the advanced wave from the
absorber, hence the people will think this charge has two force on it. The two
force is the recoil force of the retarded wave and the the rcoil force exerted by
the advanced wave.

However since the retarded wave is sent to the whole space to all directions,
the total moment of this wave is 0. Hence even this wave has some “recoil force”,
that recoil force are 0. It is same for the advanced wave, the advanced wave can
also not exert a recoil force to the the charge of a absorber. On the charge of
the emitter, the is only the exerted force of the mutual energy flow which is,

T
2
1
Frccoit = _ﬁ / dt//(El x Hy + E5 X Hl)dF (273)
t=—21 r

Only the mutual energy flow can offer a recoil force, the retarded wave and the
advanced wave all cannot offer any recoil force, One thing is because this kind
of force is applied at all directions, and hence the summation of the force is
always 0. Even it is not 0, there are time-reversal waves which will also cancel
all the effect of the force of all the self-energy items. The time-reversal waves
can cancel the original self-energy wave even with any spoor!

16 The mistake in the absorber theory and the
theory of Dirac

16.1 The problem of Dirac theory

The absorber theory try[l, 2] to explain the formula of the Dirac about the
radiation of a accelerated or decelerated charge.
The Dirac equation is following,

: 1
d d
Fmrmd(ay) = S(Fj (x;) — Fj©(2;)) (274)
Where F9*™P™9(2.) is corresponding to the damping force exerted on the
charge x;. The charge x; accelerates or decelerates. F;e“(:cj) is the retarded
wave of the charge x; has exerted a recoil force to the charge «; and this recoil
force is F°(x;). Dirac think the emitter also has advanced wave which also

exerted a force to the emitter, but this force F?dv(a:j) has the half value of the
corresponding the force of the retarded wave. Hence the force exerted on the
emitter is same as the force of the advanced wave exerted onto the emitter. The
Dirac assume that,

1
Fy® (@) = 575 (@)) 1)
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rec aav rec 1 Tec 1 Tec
F; t(mj) - Fjd (x;) = F; t(wj) - §Fj t(xj) = §Fj t(mj) (276)

Actually Dirac found if use all energy send by the retarded wave to calculate
the recoil force, the recoil force is doubled compare to the same value if the recoil
force is calculate with other method. From where can obtained this fact %? He
assume the advanced wave can have only apply half recoil force compare to the
retarded wave. And the direction of the recoil force of the advanced wave is at
opposite direction comparing to the retarded wave. This wave Dirac obtained
the fact %

In the last sub-section we have clarified, that the retarded wave and the
advanced wave all cannot apply any force to the charge. The force can apply
to the charge is only from the mutual energy flow. Hence the above argument
of the Dirac is wrong. But if the recoil force is come from mutual energy flow.
We have know the mutual energy flow can send a whole photon from emitter to
the absorber. Dirac assume the retarded wave send a photon, he use the energy
of photon to calculate the recoil force, it is larger than the result from other
method. If we assume the photon energy is transferred by mutual energy, and
use this photon energy to calculate the recoil force, it is same the we obtained
a result 2 time larger than got from other method.

From where we can obtained the fact %? This is not difficult to explain. If the
force is applied in all direction, then the total force is 0. If the force is applied
in only one direction the total force can be obtained by the photon energy @,
the force is T%Q. We have know that the mutual energy intensity vector

512=E1XH2+E2XH1 (277)

is not at same direction all from the emitter to the absorber. Hence the total
force of the mutual energy flow should at between 0 and %Q. The author has
not calculate this exactly, but it is very likely that the value is § Q. Form the
method of the mutual energy flow, we also can obtained the fact %

16.2 The problem of absorber theory of Wheeler and Feyn-
man

Got correct result, the force exerted onto to the emitter is only from the the
11

mutual energy flow which is corresponding to 5=-Q.

However Dirac create the concept which is the retarded wave also exerted
the recoil force to the emitter which is 2 time large than the force from the
corresponding advanced wave, which is wrong.

This wrong is further developed by the absorber theory of the Wheeler and
Feynman. In which, Wheeler and Feynman try to give a more detains explana-
tion of the Dirac formula.

According to Wheeler and Feynman’s absorber theory, that the total force

exerted to a charge is
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N
P =5 > ey P ) (279

k=1,k#j k=1
(279)
Wheeler and Feynman said that,
N
D (FH (g, w5) — P (g, 25)) = 0 (280)
k=1
Hence,
al 1
Flo'fay) = Y Fr(ag,a;) + S (F7! (), 25) = P (wj, 25)
k=1,k#j
N .
= Y Frtagay) + FOT () (281)
k=1,k#j
Where,
; 1
Fdampmg(xj) — 5(Fret(xj’xj) _ Fadv(l’j,lij)) (282)
What is wrong here?
;X
F'(ay) = 5 (Fr(wp, @) + FO (2g, 25)) (283)
k=1,k#j

is wrong, there is not the thing call retarded force and advanced force, the
force is applied only by mutual energy flow, the mutual energy flow is consist
of the retarded wave and the mutual energy flow. Pure retarded wave and pure
advanced wave can not apply any force to the charge. Hence the absorber theory
also make mistakes.

Any way about the recoil force, we should calculate according to the mutual
energy flow, since the mutual energy flow intensity is not at the same direction,
the whole force is less the force calculate according the whole photon energy
package.
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16.3 Half advanced and half retarded potential

In the absorber theory, it suggest that the solution of the Maxwell equations
are consist of two kind of potential, retarded potential and advanced potential.
It is called half retarded and half advanced potential,

£(ry) = 56 () + £(x))) (284)

In the author theory of mutual energy, we did not assume the current produce
half retarded and half advanced potential. We assume it is ether an emitter
or an absorber. It does not become both. However we do not reject in some
case that a charge can be a emitter or a absorber in the simultaneously. For
example in the scattering situation, a scatter is an absorber because it receive
a photon. In the same time it is an emitter, it will radiate a photon. In this
case, it is clear for this charge, it sends a advanced wave to receive a photon, it
sends the retarded wave to emit a photon. However any scatter can be seen as
as two separated charges, one is emitter the other is the absorber. Just the two
charges are put to a same location. In most situation, the charge has only one
task, it is ether an emitter or an absorber.

In author’s mutual energy theory, it is important to have synchronized two
charges, one charge sends retarded wave and another charge sends advanced
wave. We also do not assume the half potential. The fact % in the above formula
make things more complicate. Hence even the author support the concept of
exist of advanced wave, the half retarded potential and half retarded potential
is not used.

In the author’s theory of mutual energy, even an emitter has sent a advanced
potential in the same time when it sends a retarded potential, since the advance
potential has not matched with any retarded potential, it is balance out by a
time-reversal process. If this advanced wave just matched with a retarded po-
tential, then this charge become a scatter. A scatter can send retarded potential
and advanced potential simultaneously. Hence it is not necessary to assume a
half retarded and half advanced potential. But the author theory also doesn’t
reject the concept that any current J will sent retarded wave and advanced
wave simultaneously.

17 Advanced wave or receiving wave?

We have assume that the absorber sends out the advanced wave, which is sent
from the current time to the past time. The question is that this wave happens
before the source of absorber current J», it is a wave from infinite concentrating
to the place of the absorber, is this wave can control the current Js or the current
J 5 can control this wave? If the wave can control the current Jo, we will call this
wave as a receiving wave, because it is only responsible to receiving the energy.
If the current J5 in the absorber can control this wave, we will call the wave
as advanced wave. Advanced wave is controlled by the current source. Because
the advanced wave is a solution of Maxwell’s equations, in which the source Jo
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is known. Perhaps the wave can control the current Jo but the current J, also
can control the wave, in this case we will also call the current J5 as advanced
wave.

We have known in the normal electricity situation, if we have a transforma-
tor, we can put electric current inside the primary coil, we know that it can
induct a current in the secondary coil, if the second coil has a load. We also
know that if we increase the current of the second coil by changing the load
of the second coil, the primary coil also must offer more power by increase the
energy of the first coil offering. Up to here there is nothing new, it just normal
knowledge of the electric circuits. However if we separate a big distance to the
primary coil and the secondary coil, it is clear that the secondary coil will still
receive power from the primary coil, even it received much less than before, for
example only 1 percent (1% ) of the power from the primary coil. In this case
actually the two coils become two antennas, the primary coil become a transmit-
ting antenna, the secondary coil become the receiving antenna. The receiving
antenna can receiving 1 percent of power from the transmitting antenna. Now
suppose we increase or decrease the current Jo in the receiving antenna, what
will happen? If the receiving antenna (or the secondary coil) really sends an
advanced wave out, when this current J5 is changed, it will sends a bigger Fo
to the transmitting antenna, and E5 will suck more energy from J;. Hence the
transmitting antenna must send more power out. This means the current of the
the transmitting antenna (in the primary coil) is also changed. However since
the wave sent by the secondary coil is a advanced wave, the current in primary
coil will receive this signal at a time before the J5 is changed. This way we have
sent a signal to the past.

We can easily do this experiment in normal wireless or microwave frequency
band, it is not cost a lot. Since doing this experiment do not need second signal
transferring channel like in quantum mechanics. We perhaps can really send a
signal to the past. That will be a very interesting experiment.

How to change the load of the secondary coil? One method is to let the load
of the second coil to connect to a wireless receiver. The receiver is made by a
very simple regeneration amplifier. If a regeneration signal is feedback to the
input of the amplifier, the input current which is Js is changed, it will induce
a change at the current in primary coil J;. We assume the amplifier is very
fast, hence the regeneration signal do not has any delay. This way we can send
a signal to the past.

Any way, even this experiment failed, that means the wave connected with
J o is a receiving wave, it can offer a influence to current Jo, but cannot receive
the influence from J5. In that case we perhaps need to change the name of the
advance wave as something else, for example, the receiving wave or concentrated
wave. But the most our theory above is still correct. If we can send the signal
to the past, that will further prove the theory about the advanced wave and
advanced potential is real physical concept.
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18 Why we need to introduce the two new prin-
ciple?

From the above discussion, it looks that we still need the Maxwell equations
why we introduce the two other principles, i.e. self-energy principle and mutual
energy principle?

Actually we still can keep Maxwell equations as the axioms of electromag-
netic fields and add the time-reversal Maxwell equations as the axioms of the
electromagnetic field theory. But there are some difficulties which are too diffi-
cult to overcome. Maxwell equations have two solutions one is retarded wave,
another is advanced wave. From Maxwell equations it is not clear what is the
relation between these two waves. For a photon, there are two charges involved,
one is the emitter and another is the absorber. If we take Maxwell equations
as axiom then the emitter will continually sends out the retarded waves. The
absorber will continually sends the advanced waves. This two things are not
related and hence, it is difficult to obtained the important result that the re-
tarded wave and the advanced wave have to be synchronized. Starting form
Maxwell equations the most people cannot accept the advanced wave and will
think it is non-causal. And hence, every thing just stop there. In other hand if
we started from the mutual energy principle, it automatically ask that the two
waves the retarded wave and the advanced wave must be synchronized. Only
the synchronized two waves are possible solution of the mutual energy principle.
Only that kind of solution of physical solution. Here we have assume that for
the light wave, it is a very short impulse, which are randomly sends out by the
emitter and absorber. Only the synchronized retarded wave and advanced wave
can be the nonzero solutions of the mutual energy principle. This force people
to accept the advanced wave. The two waves synchronized is a random events
that is because the emitter randomly sends the retarded wave and the absorber
randomly sends the advanced wave. This also explain that why the place of the
photon appearing is always with a probability.

We recognize the electromagnetic field is a step-by-step process. In the
beginning there are Faraday’s law of induction, Ampere’s low, and two Gauss’s
law. Maxwell found these four laws are not self-consistent. The 4 equation
conflict with the current continuous equation. Maxwell introduced the concept
of displacement current. After adding the displacement current item to the
Ampare’s law, the 4 equations become Maxwell equations. Maxwell equations
now are consistent with the current continuous equation. The Maxwell equations
overcomes the difficulty of inconsistency. This problem of the four equations are
not consistent is solved.

The superimposition principle is also accept as a law which is not related
from Maxwell equations. The Poynting theorem can be derived from the Maxwell
equations. Apply the Maxwell equations and the superimposition principle, the
author found that the Poynting theorem for N charges has an over estimation
to the power for a system with NV charges. This means the Maxwell equations
together with the superposition principle conflict to the energy conservation.
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The author believe if the Maxwell equations and superposition principle con-
flict with energy conservation, the wrong side is at the Maxwell equations or
the superposition principle.

Energy-over-estimated items are self-energy items. Let all energy-over-estimated
items be zero. This is referred as self-energy conditions. Considering the self-
energy conditions, we can take away the items of all over estimations in N
charges of the Poynting theorem, this way we get the mutual energy princi-
ple. Hence the mutual energy principle does not conflict with three things. (a)
Maxwell equations, (b) superposition principle, (¢) energy conservation condi-
tion. Hence the author would like to use the mutual energy principle as axiom
for the whole electromagnetic field theory.

The author solved the mutual energy principle which further leads the Maxwell
equations again. But the author found not all the solutions of the Maxwell
equations are the solution of the mutual energy principle. There are two kind of
solutions, one is retarded wave another is advanced wave. Mutual energy prin-
ciple only accept that one solution is a retarded wave and another is advanced
wave and they must matched with each other. That means the retarded wave
must synchronize with the advanced wave. When the two waves are synchro-
nized, the two waves can produce the mutual energy flow which can carry the
energy from the emitter to the absorber. The author realize that this energy
flow just is the photon. The author found in order to support the mutual energy
flow, there should has also the self-energy flow. The self-energy flow cannot be
zero all the time. The self-energy flow help the mutual energy flow to work.
The self-energy nonzero conflicts to the self-energy conditions which says that
all this self-energy items should vanish.

We know that the self-energy flow spread their energy to the entire space,
originally we will perhaps think that there is a wave function collapse process
hence the self-energy flow will also transfer part of energy. For example in a two-
charge photon system (in which there is an emitter and an absorber, a photon
energy is sent form the emitter to the absorber) the self-energy flow of the
retarded wave and the self-energy of the advanced wave will transfer part of the
photon energy. The photon energy will not only be transferred by the mutual
energy. However from above self-energy principle, it tell us that all self-energy
items should vanish. all self-energy items does not carry energy. This force the
author to think that the self-energy flow is not collapse but there is a time-
reversal return process. The self-energy flow corresponding to retarded wave
and advanced wave both have the corresponding time-reversal return processes.

Hence the whole theory of electromagnetic field is built. This author also
check in case of wireless or microwave situation. In this case we have know the
Maxwell theory is worked well. To make the theory consistent, we must prove in
macroscopic situation, Maxwell’s theory is still correct at least approximately.
This is sames to build the the macroscopic wave from infinite particle-wave of
the photon. We know for photon it satisfy the mutual energy principle and
self-energy principle, hence what we need to do is prove the MCMEQ from the
mutual energy energy principle and the self-energy principle. Since we cannot
apply superposition principle which is not correct. We cannot prove MCMEQ
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with superposition principle and SCMEQ. However we can use mutual energy
principle with the infinite charges to prove the Poynting theory. We did that.
Since Poynting theory is actually equivalent to Maxwell equations, even we
cannot, prove this in mathematics. The solution of the Poynting theorem is also
the Maxwell equations. This way the author believe that we have obtained the
macroscopic Maxwell equations.

Now we got the MCMEQ the Maxwell equations for macroscopic situation.
Please notice that in our derivation we have put infinite absorber at the infinite
big sphere. Hence the Maxwell equations of this article is not equivalent to the
traditional Maxwell equations which does not need the absorbers to distribute
in the infinite big sphere uniformly.

After we obtains both SCMEQ and MCMEQ, This also means the superpo-
sition principle principle is also OK. Here the author means the superposition
principle is OK that needs also the condition that the absorbers distribute at
the infinite big sphere.

In classical electromagnetic field theory, there are superimposition principle,
hence deriving the Maxwell equations of IV charge from the Maxwell equations of
single charge is trivia. But in the author’s theory, the superimposition principle
is problematic and hence does not available. Hence, both the Maxwell equations
for single charge or for many charges are not equivalent. However, since for the
mutual energy principle for 2 charges or N (many) charges, are still same in
the mutual energy principle. We have proved that the mutual energy principle
is suitable to the classical electromagnetic field theory. After this the mutual
energy principle and the self-energy principle successfully united the two fields
(1) the theory for wireless wave or microwave, (2) the theory for light wave.

18.1 The field of the emitter and the absorber

Eq.(53) can be referred as mutual energy formula, which is closed related the
mutual energy theorems, [31],[15, 34, 33, 19]. and [8]. This mutual energy
formula is correct in two ways. (1), it can be derived from MCMEQ or from
Poynting theorem. If MCMEQ is correct this formula is also correct, it is easy
to prove this. Because we take away all self items which also satisfy Poynting
theorem for a single charge. From the Poynting theorem of N charges take
away all corresponding Poynting theorem for single charges, this guarantees the
rest items still correct if Poynting theorem is correct. Since Poynting theorem
can be derived from MCMEQ, the rest items also satisfy MCMEQ. (2) The
second way to show this formula is correct because it satisfies also the action-
at-a~distance principle[10]. The action-at-a-distance principle actually tells us
that the action and reaction can only happens between two charges, there is
no any action or reaction in space sends by a single charge. The action-at-a-
distance principle has been further developed to as the adjunct field theory of
Wheeler and Feynman[2]. The mutual energy formula Eq.(53) is agreed with
the action-at-a-distance theory and can be seen as a new definition of the so
called adjunct field. Wheeler and Feynman did not point out this formula, they
developed a new QED (theory quantum electrodynamics) from their adjunct
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field theory. Wheeler and Feynman try abandon the classical electromagnetic
theory in quantum physics where only a few charges is involved (N is very
small).

If someone claim he find a new theorem which is the above mutual energy
formula Eq.(48), no any journals can accept it, because it just a direct deduc-
tion of Poynting theorem. However we will show that since Maxwell equation,
Poynting theorem, superimposition principle all has problems, only this formula
is still correct, hence it should be applied as an axiom of the electromagnetic
theory.

About the the self-energy formula Eq.(49) which is the Poynting theorem for
single charge. It need to be taken out that means this formula is problematic. If
single charge has a current change J;, according to the Maxwell’s theory there
is a real physical wave sent from this current change. According to quantum
physics double slit experiment, this wave is not a real wave but a probability
wave. Experiments shows that the photon is only randomly received by the
absorbers which can receive the wave sent out from the emitter charge with
current change J;. Traditionally, the people thought that Maxwell’s theory is
only suitable to the wireless wave which has lower frequency, it is not suitable
to the high frequency phenomena like photon. Photons needs quantum theory,
quantum electrodynamics or quantum field theory to solve. This author believe
the suitable revises from electromagnetic field theory of Maxwell can still keep
this theory alive, even with the light frequency. The key of this is to take out
the self-energy items Eq,(49) from the Poynting theorem Eq.(44). Which lead
the author to have introduced the self-energy principle. In the self-energy prin-
ciple two time-reversal waves corresponding to the retarded wave and advanced
wave are introduced. The time-reversal waves satisfy the time-reversal Maxwell
equations which are not Maxwell equations.

19 Conclusion

19.1 What have done

This article discuss how to solve the wave-particle duality. The author started
from the Maxwell equations and superposition principle. The author thought
that the photon should also satisfy these two conditions. Moreover the author
adds an additional condition, energy conservation condition. Originally with
Maxwell equations, and superposition principle, the electromagnetic field can
be solved. When a new condition is added on the top of the two conditions,
too many condition will make the system without a solution. This is called
conflict. When conflict happens the author has to solve the conflict. This leads
the self-condition. The self-condition tells us that the energy items and the self-
energy flow must vanish at all. From this the author obtained the mutual energy
formula, the author found that the mutual energy formula do not conflict with
all the above 3 conditions. Because the above 3 condition conflict with each
other, the author call the mutual energy formula as mutual energy principle. It
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is used as axiom of the author’s new electromagnetic field theory. This theory
works also with photon.

Maxwell equations can be derived from the mutual energy principle. How-
ever, this time the Maxwell equations are not original Maxwell equations, this
time there are additional conditions to the Maxwell equations. The Maxwell
equations must be a pair, one is applied to the retarded wave and another is
applied to the advanced wave. The two groups of Maxwell equations must be
synchronized together. The together synchronized two waves produces the mu-
tual energy flow which is a photon’s energy flow. This way in the author’s theory
the advanced wave cannot be avoid.

It noticed that the Maxwell equations are not always correct. For single
charge even it is moved with acceleration or deceleration, there is no any field
can be sent out if this wave did not find a counterpart wave to match. Hence
in this time the Maxwell equations are not correct. Maxwell equations are only
partially correct or correct in some probability.

If there are two waves synchronized, one is retarded wave one is for the
advanced wave, in this time the two groups of Maxwell equations are satisfied.
Even Maxwell equations are only partially correct or correct in some probability,
they still need the self-energy flow do not vanish. This is conflict with the
self-energy condition. The self-energy condition require that all the self-energy
items, the self-energy flow must vanish. This is second time the author meets a
conflict. In this time in order to solve the conflict, the author has added 2 time-
reversal waves, one is corresponding to the retarded wave, one is corresponding
to the advanced wave. The time-reversal waves balance out the two self-energy
or self-energy flows of the retarded wave and the advanced wave. The self-energy
flows and the time-reversal self-energy flow together will cancel each other and
do not produce any energy flow. The energy flow between emitter and the
absorber is produce by the mutual energy flow which is built with the retarded
wave of the emitter and the advanced wave of the absorber.

This way a photon can be described. The photon is produce by 4 waves
instead of one or two waves, i.e. the retarded wave, the advanced wave and
the two corresponding to time-reversal waves. There are 6 energy flows. Cor-
responding to the 4 waves there are 4 energy flows, but the retarded wave and
the advanced wave can produce an additional energy flow which is the mutual
energy flow. The two time-reversal waves also produce a time-reversal mutual
energy flow. Hence there are two mutual energy flow. The mutual energy flow
is responsible to transfer the energy from emitter to the absorber. This energy
is the photon’s energy. The time-reversal mutual energy flow is applied in case
a race condition happened. In case of race, the time-reversal mutual energy flow
is responsible to bring the energy of a half photon back to the emitter.

Since in the author’s theory the energy can flow from absorber back to the
emitter, the energy can vibrate back and forth, this guarantees that the energy
can flow on the detector screen. This looks like a wave function collapse process.
Hence the wave function collapse process is also solved with the 2 mutual energy
flows and the 4 self-energy flows together.
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19.2 The self-energy and the mutual energy principles

This article describe the self-energy principle in details. First we notice there
is a over estimation for the power of a system with N charges. This over
estimation leads to all self-energy items in Poynting theorem for N charges
vanish, which in turn leads to the mutual energy principle. The mutual energy
principle is suitable to a electromagnetic system with at least two charges. The
mutual energy principle for a system with only two charges can explain a normal
photon. A photon is a electromagnetic system with two charges. One charge
is the emitter and another charge is the absorber. From the mutual energy
principle we have know that if the emitter randomly send retarded wave and the
absorber randomly send advanced wave, when the two waves are synchronized,
the mutual energy flow is produced, which is the photon. Since the emitter and
the absorber satisfy the Maxwell equations, which leads to that the self-energy
flow should not vanish which in turn conflict with the self-energy condition.
This conflict in turn leads this author to introduce a time-reversal wave, which
is a time reversal process. The time-reversal waves, hence, should satisfy the
time reversal Maxwell equations. This time-reversal wave balance out all self-
energy flow and self-energy items. This also avoids a wave function collapse
process. After this two principles are introduced, the whole electromagnetic
theory includes the wireless frequency band and light frequency band are all
united.

After we have introduced the self-energy principle, in which the time rever-
sal process for the retarded wave and advanced wave are introduced, all the
waves are physical waves, which satisfy the mutual energy and the self-energy
principles. The probability phenomenon of the photon is also offered a good
explanation. Photon is a system with two charges, one is the emitter, another is
the absorber. The emitter from higher energy level jump to lower energy level
and randomly sends the retarded wave. The absorber from lower energy level
jump to a higher energy level and randomly sends the advanced wave. These
waves are very short time signal. In case the retarded wave and the advanced
wave just take place in the same time, the two waves are synchronized, the
mutual energy flow is produced, which is the photon. No mater the mutual
energy flow is produced or not the self-energy items and self-energy flows are
time-reversal returned with a time-reversal process which satisfy time-reversal
Maxwell equations.

In this electromagnetic theory, the superimposition principle for the elec-
tromagnetic fields are not assumed, since it is problematic. The field can be
superposed only at the charge. In the space where without a charge, if all field
are superposed, the energy will have a overestimation. In the place of a charge,
the field is also defined by all other charge do not include the charge itself. It
lucky that the theory of the self-energy principle and the mutual energy principle
do not dependent to the superposition principle.

Maxwell equations are also not used as axioms, since the relationship of the
two solutions retarded wave and advanced wave cannot be clearly obtained from
them, which can only be obtained by the mutual energy principle. If Maxwell
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equations are used as starting point, the people always will ask, there are two
solution one is retarded wave and another is advanced wave, are them all physical
solutions? Another reason Maxwell equations are not applied as axioms is that
the superimposition principle is problematic, even Maxwell equations for single
charge is correct we cannot from them to deduce that the Maxwell equation still
correct for N charges. This reduce the usefulness of Maxwell equations. Started
form Maxwell equations can also very difficult to obtained the time-reversal
waves.

Instead the Maxwell equation, the self-energy and the mutual energy princi-
ples become the axioms of the electromagnetic theory. This theory will cover all
frequency bands, for example wireless wave, microwave, light wave, x-ray wave
and gamma wave and so on. In author’s theory Maxwell equations are only cor-
rect, in case there are at least two group equations, one is for the emitter and
another one is for the absorber. Any waves sent by single charge has no effect
to other world since there is a time-reversal wave just balance out or canceled
it. In this case we can think the Maxwell equation is wrong, or we can think it
is correct, but since there is a time-reverse-return wave which has balance out
all energy flow send out. Hence the wave described by the Maxwell equations
does not transfer any energy.

19.3 New results for electromagnetic field theory and pho-
ton theory

(1) photon is system which consists of 4 waves and 6 energy flow instead of 1
wave and 1 energy flow.

(2) Maxwell equations are only partially correct or correct with some proba-
bility. This explained the reason why in quantum mechanics the wave is proba-
bility wave. The author have added two time-reversal Maxwell equations to the
original Maxwell equations, hence now a photon is consist of 4 waves. These
4 wave will created 4 energy flow. There are two additional energy flow, the
mutual energy flow and the time-reversal energy flow.

(3) The superposition principle are wrong. The field can only be superposed
at the position where there is a charge. In the place of charge, this charge cannot
be included in the calculation of the field. In any other place where there is no
charge, the energy and energy flow can be calculated through the mutual energy
principle where summation is Zf\il Zjvzl ;i » instead of Zi\; Zjvzl

(4) The Poynting theory for N chargés are wrong. Poynting theory for N
charges tell us that there are energy flow from this N charge go outside the
infinite big sphere, which lead the energy lose to the outside of our universe.
That is wrong. The correct results are take out all the self-energy items. After
take out all self-energy items, the mutual energy principle is obtained. The
mutual energy principle is correct. Which can be see as updated version of
energy law compare to the Poynting theorem.

(5) We have obtained the mutual energy theorem. This new mutual en-
ergy flow theorem is a much stronger results compare to old mutual energy
theorems[31],[27],[15, 34, 33] and [8]. The old mutual energy theorem tell us
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that there is part of energy sent from transmitting antenna will be received by
the receiving antenna. That means the most energy sent from the transmit-
ting antenna has sent to other place instead of the receiving antenna. The new
mutual energy theorem tell us that all the energy sent out from the emitter is
received by the absorber. There is no any energy sent from the emitter is lost
to the empty space. This energy sent by emitter is received all by an absorber.
This energy just describes the photon. We also introduced the mutual energy
flow theorem, which tells that the energy transferred in any complete surface
between the emitter and the absorber are equal to the the energy of the photon.
The mutual energy flow is a inner product between the retarded wave and the
advanced wave.

(6) The mutual energy flow is thin in two ends close to the emitter and the
absorber, and the mutual energy flow is thick in the middle between the emitter
and the absorber. Hence it is the so called particle wave. It allows this wave to
look like a particle at two ends and to look like a wave in the middle between to
ends. If the mutual energy flow go through a double slits in a separation board,
it is clear the interference patterns will be created. In the place the wave is sent
by the emitter and the place the energy is received by absorber the energy will
be concentrated to a very small region which looks like a particle.

(7) Self-energy flows do not transfer any energy from emitter to the absorber.
4 self-energy flows all cancel or balance out. The energy is transferred only by
the mutual energy flow. The time-reversal mutual energy flow is responsible to
return the half photon from the absorber to the emitter in case of race or half
photon situation happens.

(8) The author obtained the energy conservation for the wave of the photon.
The retarded wave of Maxwell equations cannot make the energy conservation.
The energy sends out from a emitter go all different directions and do not run to
the absorber, it need a wave function collapse process to make energy conserved.
But wave function collapse does not have any formula to describe and hence is
a very rough theory. Our mutual energy flow theorem guarantee the energy is
flow from emitter to absorber, the mutual energy flow theorem tell us in any
surface between the emitter and the absorber the energy flow are all equal. This
guarantees the energy is conserved.

(9) The momentum is also conserved. We know even the wave collapse can
make energy conserved for the retarded wave of Maxwell equations, it still can-
not make the momentum conserved. The retarded wave sent from the emitter
to all directions and hence the total momentum is 0. But when the absorber
received the momentum, the momentum is not zero (the direction is from the
emitter to the absorber). We have the mutual energy flow theorem which also
guarantees the momentum is sent from the emitter to the absorber and hence
the momentum is also conserved.

(10) The macroscopic theory of the electromagnetic field theory can be ob-
tained from the particle wave of the photon which is the mutual energy principle
and self-energy principle. Hence, the infinite particle wave can build a macro-
scopic wave. The macroscopic Maxwell theory is still correct, if there are infinite
absorbers which are distributed on the infinite big sphere. The superposition
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principle for the macroscopic wave is still correct approximately.

(11) In this theory shows it is clear that the mutual energy theorem and the
mutual energy flow theorem is a correct energy theorem and physical theorem.
Then it is also clear that the Lorentz reciprocity theorem is only a mathematical
transform of the the mutual energy theorem. The Lorentz reciprocity theorem
can be obtained from the mutual energy theorem with a conjugate transform.
The conjugate transform modified the advanced wave to a retarded wave. Hence
in the Lorentz reciprocity theorem the advanced field will not appear. Many
people do not accept the advanced wave, hence they like the Lorentz theorem.
However Lorentz theorem is only an artificial theorem which hidden the ad-
vanced wave and the mutual energy theorem. However this article also shows
the advanced wave exist. The receiving antenna should send the advanced wave
instead the retarded wave or do not send any wave.

(12) The author has introduced a new interpretation for quantum mechan-
ics. It can be referred as the mutual energy flow interpretation of quantum
mechanics. This interpretation is similar to the transactional interpretation of
John Crammer, because the retarded wave and advanced wave are all applied.

In the new interpretation the probability wave is because the Maxwell equa-
tions are only correct partially. Actually the retarded wave is sent by the emitter
randomly and the advanced wave is sent by the absorber randomly. Only when
they are synchronized, the photon energy can transfer from emitter to the ab-
sorber. The Maxwell equations are correct this time. Otherwise the energy
flow of the corresponding Maxwell equations are time-reversal returned to the
emitter or absorber and hence doesn’t have any effect.

The collapse process can be seen as the together with the mutual energy
flow transferring the energy and the time-reversal process of all self-energy.
In the author’s theory the race situation is also no problem, half photon is
allowed to be returned to the emitter through a time-reversal mutual energy
flow. Comparing to the transactional interpretation of John Crammer, the
author’s theory is not only a interpretation, it is a whole theory with details
and formulation. Especially 4 additional time-reversal Maxwell equations are
added to the original Maxwell equations which remedy the original Maxwell
theory.

(13) Compare to the theory of action-at-a-distance, originally the Maxwell’s
field theory is only mathematically simpler than the action-at-a-distance theory,
but it contains conflicts. Now with the self-energy and mutual energy principle
the field theory is remedied, the conflict is eliminated. It is not only simpler but
also correct compare to the theory of the action-at-a-distance.

References

[1] Wheeler. J. A. and Feynman. R. P. Rev. Mod. Phys., 17:157, 1945.
[2] Wheeler. J. A. and Feynman. R. P. Rev. Mod. Phys., 21:425, 1949.

96



[3] J.R. Carson. Reciprocal theorems in radio communication. Proc. IRE,
17(6):952, June 1929.

[4] J.R. Carson. The reciprocal energy theorem. Bell Syst. Tech. Jour., 9:325-
331, April 1930.

[5] Wen Cho Chew. A new look at reciprocity and energy conservation theo-
rems in electromagnetics. IEEE TRANSACTIONS ON ANTENNAS AND
PROPAGATION, 56(4):970-975, April 2008.

[6] John Cramer. The transactional interpretation of quantum mechanics.
Reviews of Modern Physics, 58:647-688, 1986.

[7] John Cramer. An overview of the transactional interpretation. Interna-
tional Journal of Theoretical Physics, 27:227, 1988.

[8] Adrianus T. de Hoop. Time-domain reciprocity theorems for electromag-
netic fields in dispersive media. Radio Science, 22(7):1171-1178, December
1987.

[9] P. A. M. Dirac. Proc. Roy. Soc. London Ale, 148, 1938.
[10] A. D. Fokker. Zeitschrift fABr Physik, 58:386, 1929.

[11] Jin Au Kong. Theory of electromagnetic waves. New York, Wiley-
Interscience,, AA(MIT, Cambridge, Mass), 1975.

[12] D. T. Pegg. Absorber theory in quantum optics. Physica Scripta, T12:14—-
18, 1986.

[13] I.V. Petrusenko and Yu. K. Sirenko. The lost second lorentz theorem in
the phasor domain. Telecommunications and Radio Engineering, 68(7):555—
560, 2009.

[14] J. H. Poynting. On the transfer of energy in the electromagnetic field.
Philosophical Transactions of the Royal Society of London, 175:343-361,
JANUARY 1884.

[15] Shuang ren Zhao. The application of mutual energy theorem in expansion
of radiation fields in spherical waves. ACTA FElectronica Sinica, P.R. of
China, 15(3):88-93, 1987.

[16] Shuang ren Zhao. A new interpretation of quantum physics: Mutual energy
flow interpretation. American Journal of Modern Physics and Application,
4(3):12-23, 2017.

[17] Shuang ren Zhao. Photon models are derived by solving a bug in poynting
and maxwell theory, 2017.

[18] Shuang ren Zhao. Quantum equations in empty space using mutual energy
and self-energy principle, 2017.

97



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

28]
[29]

[30]
[31]

[32]

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
The modified poynting theorem and the concept of mutual energy, 2015.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
Antenna calculation in lossy media with mutual energy theorem, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie
Yang. Experiment about advanced wave or advanced potential by classical
method, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie
Yang. Explanation of the duality of the light (wave and photon) by using
the mutual energycurrent composed of retarded and advanced potentials,
2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie
Yang. The mutual energy current interpretation for quantum mechanics.
arXiv:1608.08055, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
The photon model and equations are derived through time-domain mutual
energy current, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
The principle of the mutual energy, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
How the mutual energy current of a retarded potential and an advanced
potential can produce a photon. will appear.

V.H. Rumsey. A short way of solving advanced problems in electromag-
netic fields and other linear systems. IEEE Transactions on antennas and
Propagation, 11(1):73-86, January 1963.

K. Schwarzschild. Nachr. ges. Wiss. Gottingen, pages 128,132, 1903.

Lawrence M. Stephenson. The relevance of advanced potential solutions
of maxwell’s equations for special and general relativity. Physics Essays,
13(1), 2000.

H. Tetrode. Zeitschrift fA@Er Physik, 10:137, 1922.

W. J. Welch. Reciprocity theorems for electromagnetic fields whose time
dependence is arbitrary. IRFE trans. On Antennas and Propagation, 8(1):68—
73, January 1960.

J. P. Wesley. Weber electrodynamics, part i. general theory, stead current
effects. Foundations of Physics Letters, 3:443-469, 1990.

98



[33] Shuangren Zhao. The application of mutual energy formula in expansion
of plane waves. Journal of Electronics, P. R. China, 11(2):204-208, March
1989.

[34] Shuangren Zhao. The simplification of formulas of electromagnetic fields
by using mutual energy formula. Journal of FElectronics, P.R. of China,
11(1):73-77, January 1989.

99



